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2ABSTRACT
The r e a c t i o n s  b e t  ween t e t r a a l k y l t i n s , ( R=MOf
E t ,  11- P r ,  n -B u, is o -B u  and i s o - P r  ) and m e rc u r ic  c h lo r id e  i n  
v a r io u s  m e th a n o l-w a te r  m ix tu re s  have b een  s tu d ie d  a t  25°G 
and ^0 °C , From p ro d u c t  a n a ly s e s  th e  g e n e r a l  r e a c t i o n  h as  b een  
shown to  b e :
k
R^Sn + HgCl2 — SnCl  + RHgCl,
The r e a c t i o n s  have b een  shown to  fo l lo w  seco n d  
o r d e r  k i n e t i c s ,  f i r s t  o rd e r  i n  each  r e a c t a n t ,  and axe 
c o n s id e re d  to  p ro c e e d  by a  s i n g l e  r a t e - d e t e r m in in g  b im o le c u la r  
r e a c t i o n .  Good s e c o n d -o rd e r  p l o t s  o f  k ^  v s ,  t  w ere o b ta in e d  
i n  a l l  c a s e s ,  e x c e p t f o r  th e  r e a c t i o n  o f  t e t r a m e t h y l t i n  i n  
s o lv e n t  85/o m e th an o l w here a  s e c o n d a ry  e q u i l ib r iu m  r e a c t i o n  was 
o b s e rv e d ,
A s t e r i c  o r d e r  o f  r e a c t i v i t i e s  was o b s e rv e d , th e  
seq u en ce  b e in g :
R = Me^/Et ^>n-Pr^5'n-Bu^>iso-Bu^^> is o -P r  •
T h is  seq u en ce  was shown to  be i n d i c a t i v e  o f  an  3^2 
m echanism , f u r t h e r  c o n f i rm a t io n  b e in g  o b ta in e d  from  p o s i t i v e  
k i n e t i c  s a l t  e f f e c t s  and i n c r e a s in g  r a t e  c o n s ta n t  \^ ith  
in c r e a s in g  p o l a r i t y  o f  th e  medium.
The a c t i v a t i o n  p a ra m e te rs  f o r  a l l  th e  r e a c t i o n s  
w ere shown to  be c o n s i s t e n t  w ith  a b im o le c u la r  r e a c t i o n  p ro c e e d in g  
from  r e l a t i v e l y  n o n -p o la r  r e a c t a n t s  to  a  p o la r  t r a n s i t i o n  s t a t e .  
The a c t i v a t i o n  p a ra m e te rs  f o r  th e  r e a c t i o n  o f m e rc u r ic  c h lo r id e
3w ith  t e t r a e t h y l t i n  i n  v a r io u s  m e th a n o l-w a te r  m ix tu re s  w ere
f u r t h e r  a n a ly s e d  by t h e i r  d i s s e c t i o n  in to ,  g round  s t a t e  and
t r a n s i t i o n  s t a t e  c o n t r i b u t i o n s .  T h is  f u l l  therm odynam ic a n a ly s i s
o f  s o lv e n t  e f f e c t s  i s  th e  f i r s t  in s t a n c e  o f  su c h  a p ro c e d u re  b e in g
u sed  f o r  a b im o le c u la r  r e a c t i o n .
The f r e e  e n e r g ie s  ox t r a n s f e r  o f m e rc u r ic  c h lo r id e ,
t e t r a e t h y l t i n  and th e  m e rc u r ic  c h lo r id e  -  t e t r a e t h y l t i n  t r a n s i t i o n
s t a t e  w ere f u r t h e r  d i s s e c t e d  in t o  t h e i r  ;s n e u t r a l  *'■ and
■‘e l e c t r i c a l 5* c o n t r i b u t i o n s .  A co m p ariso n  o f  t h e ' ‘e l e c t r i c a l ’ c o n tr i« r
b u t io n s  to  th e  f r e e  en e rg y  o f t r a n s f e r  c o n f irm e d , on a more
q u a n t i t a t i v e  b a se s  th a n  has p r e v io u s ly  b een  p o s s i b l e ,  t h a t  th e
r e a c t i o n  b e tw een  t e t r a a l k y l t i n s  and m e rc u r ic  c h lo r id e  i n  v a r io u s
m e th a n o l-w a te r  m ix tu re s  p ro c e e d s  by an f?o p en :?, 8^2 m echanism  o f
.a
e l e c t r o p h i l i c  s u b s t i t u t i o n  a t  a  s a t u r a t e d  c a rb o n  a tom .
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S E C T  I  0 IT I  
POSSIBLE MECHANISMS OP, AND EVIDENCE FOR,
THE ELECTROPHILIC CLEAVAGE OF SATURATED CARBON 
TO METAL BONDS.
A. Scope o f t h i s  s e c t io n *
When a carbon atom is ^ -b o n d e d  to  a m etal atom th e n  th e re  i s  
some degree o f p o la r i s a t io n  o f th e  bond, in  th e  sense
8 -  S+
C —---------m
The in c ip ie n t  n e g a tiv e  charge on th e  11 s a tu r a te d ” carbon atom makes 
i t  s u sc e p tib le  to  a t ta c k  by e le c tro n  d e f ic ie n t  re a g e n ts ,  i . e .  e le c t r o p h i le s ,  
and i t  i s  to  be expected  th a t  o rg an o m eta llic  compounds w il l  p rov ide  suit*- 
ab le  s u b s tr a te s  fo r  th e  s tudy  o f th e  mechanisms o f e le c t r o p h i l i c  s u b s t i t ­
u tio n  a t  a s a tu ra te d  carbon atom.
T h is  s e c t io n  i s  in  th e  form o f a g e n e ra l review  o f th e  p o s s ib le  
mechanisms and th e  evidence f o r  th e  e le c t r o p h i l ic  c leavage o f s a tu ra te d  
carbon to  m etal bonds. The rev iew  w i l l  be co n fined  g e n e ra lly  to  a d is-r 
c u ss io n  o f m etal f o r  m etal exchanges and re a c t io n s  in v o lv in g  o rg a n o tin  
compounds.
R eac tio n s  in v o lv in g  e l e c t r o p h i l i c  c leavage o f a lk y l-m e ta l bonds 
have been shown to  occur f o r  organo-compounds o f m ercury, t i n ,  le a d ,  z in c , 
boron and aluminium. Both e l e c t r o p h i l ic  and hom olytic  p ro c e sse s  have 
been d iscu ssed  in  a number o f r e v ie w s .^
The fo llo w in g  nom enclature w i l l  be used th roughou t th e  in tro d u c ­
t io n  to  d e sc r ib e  g en e ra l mechanisms s—
R -  MXn i s  a s u b s tr a te  c o n ta in in g  an&6-carbon(R  group) to  m etal (M) bond,
X i s  an o th er group, th e  same as o r d i f f e r e n t  from R, and n  i s  th e  number o f
11
X groups on M. For example,
s-Bu Me Me
n an
tX  = Eft- s-Bu n-Bu- Me0Bu n 3 3 2
E-F re p re s e n ts  an a tta c k in g  reag en t where E i s  th e  e l e c t r o p h i l i c  and F 
th e  n u c le o p h ilic  po le  o f th e  reagent*  For exam ple,
E = KgCl H
F Cl Cl I
B* U nim olecular E le c t r o p h i l i c  S u h s t i tu t io n ,  S^1*
The r a te  c o n tro l l in g  s te p  i s  th e  fo rm atio n  o f a ca rb an io n  from
io n is a t io n  o f th e  carbon-m etal bond. I t  may be re p re se n te d  as shown in
eq u a tio n  1.1 s -
R  MX R ^  + M X ^n n
rW+ E
1.1
e  + r
A re a c t io n  p roceed ing  by th e  S^1 nechanism  re q u ire s  l im i t in g
f i r s t  o rd e r k in e t i c s ,  f i r s t  o rd e r i n  R-MX and zero  o rd e r in  E -F , and7 n
e x ten s iv e  o r com plete ra c e m isa tio n  a t  th e  s i t e  o f a t ta c k  would be expec t­
ed to  accompany s u b s t i t u t io n .  These o b se rv a tio n s  only  app ly  i n  d i lu te  
s o lu t io n s  w ith  th e  r e a c ta n ts  a t  approx im ate ly  equal c o n c e n tra tio n s .
The fo rm atio n  o f th e  ca rb an io n  would be favoured  i n  p o la r  s o lv e n ts  
and in  th e  p resence  o f added i n e r t  s a l t s  which would be expected  to  h e lp  
s t a b i l i s e  th e  an io n . F u r th e r  s t a b i l i s a t i o n  would be encouraged by R 
groups w ith  a - I  in d u c tiv e  e f f e c t  and b y ,fo r  example s t e r i c  and resonance
e f f e c t s .  The expected  o rd e r o f r e a c t i v i t y  fo r  a s e r ie s  o f sim ple a lk y l
( 6 )groups would be expected  to  be s '  '
Me^> E t n -  P r^ >  is o  -  P r^ >  t  -  Bu '
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To d a te  few examples o f r e a c t io n s  p ro ceed in g  by an mechanism
have heen re p o r te d . One r e a c t io n  whose mechanism has heen shown to  he
S_1 i s  th e  mercury fo r  mercury s u b s t i tu t io n  in  ^ -ca rb e th o x y b en zy lm ercu ric  
E
bromide by rad io m ercu ric  bromide in  anhydrous d im ethy lsu lphox ide  a t  temp­
os $
e ra tu re s  betw een 25 and 60 C. P a r a l l e l  in v e s t ig a t io n s  were c a r r ie d  out 
by In g o ld  e t  a l ^  in  England and by Reutov e t  a l ^  in  R u ss ia . Both
agreed  th a t  th e  above re a c t io n  had an S 1^ mechanism, b e in g  f i r s t  o rd e r in  
th e  organom ercuric s a l t  and zero  o rd e r in  th e  m ercuric  s a l t .
In g o ld  e t  a l  proposed th e  fo llo w in g  mechanism in  e q u a tio n  1 .2  
P£ Ph
N cH .H gB r — ■ C^  + ^ H g B r
E t0 2C EtO^C
Ph Ph 1 *2 *\  \
+. HgBr2 >CH.HgBr + B r ^
/  /
E t0 2C E t0 2C
20^* d eno tes ra d io a c tiv e  • l a b e l l in g ,  i . e .  Hg .
Reutov e t  a l ^ ^  showed th a t  e le c tro n  a t t r a c t i n g  s u b s t i tu e n ts  i n  
th e  p o te n t ia l ly  a n io n ic , D ^carbeihoxybenzy l p o r t io n  o f  th e  b rom coercuric  
e s t e r ,  f o r  in s ta n c e  a jo -n itro  g roup , in c re a se d  th e  r a t e  o f th e  m ercury 
exchange, and th a t  th e  e le c t ro n  r e p e l l in g  £ - t - b u ty l  s u b s t i tu e n t  d ecreased  
th e  r a t e  o f exchange.
U sing«c-carbethoxybenzy lm ercuric  c h lo r id e ,  In g o ld  e t  a l ^  found 
th a t  th e  u n im olecu lar r a t e  c o n s ta n t was about h a l f  t h a t  o f th e  co rresp o n d in g  
brom ide, which was i n  l in e  w ith  whqt was expected  u s in g  th e  more e le c t r o ­
n e g a tiv e  c h lo r id e .
They a ls o  a sc e r ta in e d  th e  s te reo ch em ica l cou rse  o f th e  r e a c t io n  
o f th e  bromom ercuric e s t e r  w ith  m ercuric  brom ide. U sing ( - ) - o £ - c a r b -
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etho:xybenzylraercuric bromide th e y  found th a t  s u b s t i t u t io n  w ith  m ercuric  
bromide was accompanied by ra c e m isa tio n  o f th e  e s t e r  and th a t  th e  f i r s t -  
o rd e r r a te - c o n s ta n t  of ra c e m isa tio n  (3*4 x 10 ^ se c /* )  was app rox im ate ly
-1  _i
equal to  th a t  o f th e  mercury f o r  mercury exchange (3*75 x 10 sec ; .  
They concluded th a t  t h i s  SL1 mechanism was a s s o c ia te d  w ith  ra c e m isa tio n , 
in  th e  sense th a t  each m o lecu lar a c t o f i t s  r a t e  c o n tr o l l in g  io n is a t io n  
y ie ld e d  :.a c a rb an io n  l i a b l e  w ith  equal p r o b a b i l i ty  to  g ive  e i t h e r  enan t­
iom eric  s u b s t i t u t io n  p ro d u c t.
(7)In g o ld  e t  a l '  7 a lso  c h a ra c te r is e d  a d e r iv a t iv e  form o f  u n i-  
m o lecu lar e le c t r o p h i l i c  s u b s t i t u t io n  c h a ra c te r is e d  by a c a ta ly s i s  o f th e  
r a t e  c o n t r o l l in g  io n is a t io n  by bromide io n s  from tetra-ethylam m onium  
brom ide. The mechanism was found to  in v o lv e  two bromide io n s  and was 
la b e l le d  S^1 -  2Br^ \  They p o s tu la te d  th e  a d d it io n  o f  th e  bromide 
io n s  in  su cc e ss iv e  e q u i l ib r i a  to  g ive  a doubly charged s u b s t r a te  which 
cou ld  io n is e  more r e a d i ly  th a n  th e  uncharged organom ercuric brom ide, a$ 
shown in  e q u a tio n  1.3*
RHgBr + B r ^  RHgBrjf^
R H g B r^  + B r ^  RHgBr!? ^
R H g B r ^  R + H g B r ^  Sgl -  2Br^-  ^ 1 .;
H g B r ^  HgBr2 + B r ^
R  ^ + HgBr 1 5 %  jyjggj, + B r(~)
where R = EtO^C. (JKPh
(9)Reutov e t  a l v 7 have s tu d ie d  th e  r e a c t io n  between ^ -n itro b e n zy l*  
m ercuric  bromide and rad io m ercu ric  bromide in  so lv en t d im ethy lsu lphox ide  
and re p o r te d  th e  k in e t ic s  to  be f i r s t - o r d e r  in  organom ercuric h a l id e  and 
z e ro -o rd e r  in  m ercuric  h a l id e .  The course  o f th e  r e a c t io n  was d ire c te d  
w holly  by s t r u c tu r a l  f a c to r s  and th e  io n iz in g  a b i l i t y  o f  th e  s o lv e n t .
1*f
The mechanism of th e  r e a c t io n  can he re p re se n te d  by th e  fo llo w in g  scheme 
(eq u a tio n  1 .4 ) *
° 2H^ 0 ^ CH2 -  HgBr ° 2H- C : = ^ ^ 2  (+)lJ^I asx
HgBr ] 
f a s t  i
HgBr
f a s t
v-OH (*>8'k
The ca rb an io n  formed as  a r e s u l t  o f th e  io n is a t io n  was s ta b i l i z e d  
by d e lo c a l iz a t io n  o f th e  n e g a tiv e  charg e . When d e lo c a l iz a t io n  in v o lv in g  
th e  s u b s t i tu e n t  was n o t p o s s ib le  th en  th e  r e a c t io n  occu rred  by a b im o le c u la r
mechanism s
X - Q -C H , _  HgBr + HgBr2 -  HgBr + HgBr?
X = (C H J2CH, OH3 , H, C l, F . 1.5
C. B im olecu lar E le c t r o p h i l i c  S u b s t i tu t io n  
The b im o lecu lr mechanism re q u ire s  seco n d -o rd er k in e t i c s ,  f i r s t -  
o rd e r  in  each r e a c ta n t ,  in  d i lu te  s o lu t io n  w ith  th e  r e a c ta n ts  in  approxim­
a te ly  equal co n ce n tra tio n s*  There a re  th re e  main ways in  which t r a n s ­
i t i o n  s t a t e s  can be fo rm ula ted  to  obey t h i s  r u l e .  These a re  shown in  
eq u a tio n s  1 .6 , 1 .7  and 1 .8 . The t r a n s i t i o n  s t a t e s  a re  la b e l le d  ( i ) ,  ( i i )  
and ( i i i )  r e s p e c t iv e ly .
T r a n s i t io n  s t a t e s  ( i )  and ( i i )  a re  la b e l le d  ‘ open* t r a n s i t i o n  
s t a t e s  and th e  o v e ra l l  mechanism f o r  eq u a tio n s  1 .6  and 1.7 i s  c a l l e d  Sg2. 
T r a n s i t io n  s t a t e  ( i i i )  i s  c a l le d  a ’c lo s e d * tr a n s i t io n  s t a t e  and r e a c t io n s  
proceeding- by t h i s  mechanism a re  la b e l le d  S „ i. The d iv id in g  l i n e  betw een
th e  mehcanisms S„2 and S_i i s  f a r  from c le a r  bu t i t  i s  p o s s ib le  to  propose
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s e v e r a l  s te r e o c h e m ic a l  and k i n e t i c  d i s t i n c t i o n s , ,  t h a t  may h e lp  to  decid< 
w hich  o f  th e s e  tw o .m echan ism s i s  o p e r a t i v e  i n  a  p a r t i c u l a r ' r e a c t i o n .
The m echanism  S^2 i s  n o t  l i m i t e d  by th e  P a u l i  p r i n c i p l e
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to  p ro d u c in g  i n v e r s i o n  o f  c o n f i g u r a t i o n ,  b e c a u se  th e r e  i s  no e x c e s s  
o f  e l e c t r o n s  i n  c o m p e t i t io n  f o r  th e  t r a n s f e r r e d  b o n d in g  o r b i t a l  i n  th e  
t r a n s i t i o n  s t a t e ,  th e  c irc u m s ta n c e  w hich  i n  n u c l e o p h i l i c  s u b s t i t u t i o n  
k e e p s  t h e ■ex ch a n g in g  g ro u p s  a p a r t .  I n  b im o le c u la r  e l e c t r o p h i l i c  
s u b s t i t u t i o n  p ro c e e d in g  by th e  Sv2 m echanism  any s te r e o c h e m ic a l  r e s u l t  
m ig h t be e x p e c te d .
C o n v e rse ly  t h e r e  i s  o n ly  one p o s s i b l e  s te r e o c h e m ic a l  c o u rs e  
f o r  s u b s t i t u t i o n s  p r o c e e d in g  by th e  S,-,i m echanism  -  s u b s t i t u t i o n  m ust 
o c c u r  w i th  t o t a l  r e t e n t i o n  o f  c o n f ig u re m e n t.
' - E o r t r a n s i t i o n  s t a t e  ( i i )  i t  h a s  b e en  s h o w n ^ ^  t h a t  energo"
a l l y  th e  optimum a n g le  b e tw een  th e  e n t e r i n g  a n d . l e a v in g  g ro u p s  i s  c lo s e
JJ
t o  77 and as th e re  a re  no excess  o f e le c tro n s  in  co m p etitio n  f o r  th e  
t r a n s f e r r e d  bonding o r b i t a l  th e n  t h i s  might fav o u r t r a n s i t i o n  s t a t e  ( i i ) ^  
i . e .  f o r  re a c tio n s- to  proceed w ith  predom inant r e te n t io n  o f c o n fig u ra tio n *  
S te r ic  e f f e c t s  should  g e n e ra lly  r e ta r d  r e a c t io n  f o r  a s e r ie s  o f 
sim ple a lk y l g ro u p s, and p o la r  (+1 in d u c tiv e )  e f f e c t s  would a id  th e  a t ta c k  
o f th e  e le c t r o p h i le  E, bu t r e t a r d  c leavage o f th e  carbon-m etal bond. As 
th e  p o te n t ia l  an ion  F , becomes more and more io n ic ,  u n t i l  i n  th e  end i t  
i s  com pletely  d is s o c ia te d ,  so r a t e  by mechanism S^i should  d im in ish , 
f i n a l l y  to  z e ro , w h ils t  r a t e  by mechanism should  in c re a s e  c o n tin u o u s ly .
T r a n s i t io n  s t a t e s  ( i )  and ( i i )  in v o lv e  th e  s e p a ra tio n  o f ch arg e . 
T h is  would be encouraged in  p o la r  s o lv e n ts  and in  th e  p resence  o f  added 
s a l t s ,  w h ils t  f o r  t r a n s i t i o n  s t a t e  ( i i i )  n e i th e r  p o la r  so lv e n ts  n o r added 
s a l t s  would be expected  to  promote t h i s  mechanism g r e a t ly  as i t  in v o lv e s  
no charge sep a ra tio n *
( 2  ^ (In g o ld  e t  a l '  i n  E ngland, Reutov e t  a l  i n  R u ss ia  working
w ith  organom ercury compounds and G ie len , F a s ie l s k i  e t  a l ^  in  Belgium, 
u sing  m ainly o rg a n o tin  compounds, have been prom inent in  c h a r a c te r is in g  
th e  b im o lecu la r mechanism. The f i r s t  p a r t  o f  th e  ev idence f o r  th e  b i ­
m o lecu lar mechanism d iscu ssed  w i l l  in vo lve  organom ercury compounds, f o l l ­
owed by ev idence in v o lv in g  o rg a n o tin  compounds*
On th e  assum ption th a t  m ercu ry -a lk y l r e d i s t r ib u t io n s  would prove
( i i )to  be e l e c t r o p h i l i c  s u b s t i tu t io n s  In g o ld  e t  a l  '  p re d ic te d  on ly  th re e  
independent r e a c t io n s  shown as eq u a tio n s  1.9» 1-10 and 1.11 s-
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They were term ed o n e -a lk y l, tw o -a lk y l and th r e e - a lk y l  mercury exchange 
re sp e c tiv e ly *
( 12)1 . The One-Alkyl Mercury Exchange* '
In g o ld  e t  a l  s tu d ie d  th e  r e a c t io n  s -
RHgX + SgX2  ------- 1 RHgX + HgX2 1.12
where R -  Me5 X = B r,I,O A c, and NO^, in  e th an o l 
R = s-Bu$ X = OAc in  e th a n o l .
I t  was shown "by a ra d io m e tr ic  s tudy  o f th e  k in e t ic s  o f th e  mercury 
exchanges th a t  th ey  went i n  a s in g le  b im o lecu la r s te p ,  th e  r e a c t io n  b e in g  
f i r s t - o r d e r  in  each r e a c ta n t .  By u s in g  o p t ic a l ly  a c t iv e  s -b u ty lm e rc u ric  
a c e ta te  i t  was shown th a t  th e  s u b s t i t u t io n  produced no lo s s  o f  o p t ic a l  
a c t i v i t y .
On in c re a s in g  th e  i o n i c i t y  of th e  s a l t s  a long  th e  an ion  s e r ie s  
X * Br,I,OAc,MO^ where R = Me th e re  was a la rg e  in c re a s e  in  th e  r a t e  o f 
r e a c t io n  %
X * Br I  OAc U03
R e l . r a t e  « 1 7*9 1000 2*4 x  105
Added l i th iu m  n i t r a t e  was found to  e x e r t  a m ild a c c e le r a t in g
e f f e c t .  The a d d it io n  o f w a ter in  th e  case  where X = B r, R = Me a lso
caused an in c re a s e  in  th e  r a t e .
These o b se rv a tio n s  show th a t  th e re  i s  an open, r a th e r  th a n  a
c lo se d , t r a n s i t i o n  s t a t e ,  and as th e re  i s  r e te n t io n  o f c o n f ig u ra t io n  i t  i s
l i k e ly  to  be o f th e  type  shown in  eq u a tio n  1.7* (page 15). The p o s i t iv e
k in e t ic  s a l t  e f f e c t  and p o la r  co so lv en t e f f e c t  a re  in te r p r e te d  on th e  b a s is
(13)o f  th e  H ughes-Ingold theory '- '  a s  showing th a t  th e  t r a n s i t i o n  s t a t e s  a re  
c o n s id e ra b ly  more p o la r  th a n  th e  i n i t i a l  s t a t e s .
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Hughes and V o lg e r ^ ^  s tu d ie d  th e  p a t te r n  o f s t e r i c  e f f e c t s  
among a lk y l groups in  th e  o n e -a lk y l m ercury exchange, u s in g  R = Me, E t ,  
n e o -p e n ty l, sec-Bu? X = B r, OAc, in  e th an o l a t  60° to  100°C and proposed 
th a t  th e  r e l a t i v e  r a t e s  where X = B r, cou ld  he ex p la in ed  in  term s o f th e  
s t e r i c  e f f e c t  o f R x- 
R * Me E t 
R e l. R ate = 100 42
2. The Two-Alkyl Mercury Exchange* ,-x/
The re a c t io n  x-
R° HgR + HgBr0 -------- * R° HgBr + RHgBr 1.13
was s tu d ie d  hy In g o ld  e t  a l  where R"' = o p t ic a l ly  a c tiv e  sec-B uj X = B r, 
OAc, 110^.
The exchange between m ercuric  bromide and o p t ic a l ly  a c t iv e  di-r 
s -b u ty lm ercu ry  to  produce o p t ic a l ly  a c t iv e  sec -b u ty lm erc u ric  brom ide, 
proceeded in  e th an o l w ith  com plete r e te n t io n  o f  c o n f ig u ra t io n . The 
r e a c t io n ,  b o th  in  e th an o l and ace to n e , was shown to  fo llo w  o v e ra l l  second- 
o rd e r k in e t i c s ,  f i r s t - o r d e r  in  each r e a c ta n t .
On a d d it io n  o f l i th iu m  bromide to  form LiHgBr^, th e re  was a 
g re a t  re d u c tio n  in  r a t e .  On th e  o th e r  hand when th e  bromide was re p la c e d  
w ith  a c e ta te  and n i t r a t e  th e  a b so lu te  r a t e s  in c re a se d  s tro n g ly  w ith  in c re a s ­
in g  io n ic i ty  o f  HgX^* The o v e ra l l  r e a c t i v i t y  sequence was s -  
LiHgBr3 <  HgBr2 <  Hg(0Ac)2 < Hg(:N0 )g .
In g o ld  e t  a l  concluded th a t  th e  s u b s t i tu t io n s  by s a l t s  HgX  ^ in
th e  d ia lk y l  RgHg proceeded by a c o n f ig u ra tio n  r e ta in in g  Sg2 mechanism,
( 1£\
3• The T hree-A lky l Mercury Exchange  ^ '
The r e a c t io n  : -  
R-Hg-R + R-Hg-X — — ^ R-Hg-X + R-Hg^R 1.14
neo-Pe sec-Bu 
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has heen s tu d ie d  by Ingo ld  e t  a l .  The re a c t io n  was fo llow ed  by doubly 
l a b e l l in g  th e  organom ercuric h a l id e .  The h a l id e  used was s e c -b u ty l-  
m ercuric  bromide which was o p t ic a l ly  la b e l le d  on th e  b u ty l group and r a d io -
a c t iv e ly  l a b e l le d  on th e  m ercury, such th a t  th e  o v e ra l l  r e a c t io n  was : -  .
o* ^ *s-Bu HgBr + s-BuHgs-Bu ■■—  ■ s-Bu Hgs-Bu + s-BuHgBr 1*15
In  e th an o l a t  35°C th e  r e a c t io n  was found to  fo llo w  o v e ra l l  seco n d -o rd er
k in e t i c s ,  f i r s t  o rd e r in  each r e a c ta n t ,  and th e  s te reo ch em ica l c o n f ig u ra t io n
of th e  se c -b u ty l group was f u l l y  r e ta in e d .  The r a te  o f r e a c t io n  in c re a se d
w ith  in c re a s in g  i o n i c i t y  o f th e  a lk y lm ercu ric  s a l t  th u s  : -
sec-BuHgHO^ sec-BuHgOAc sec-BuHgBr.
S ev era l l i th iu m  s a l t s  were added and in  each case  a p o s i t iv e  
k in e t ic  s a l t  e f f e c t  was observed , th e  o rd e r o f a c c e le r a t in g  e ffnerts  b e in g ' s - 
L iC 10^>  L iB r ^>Li3ST03^> LiOAc.
These e f f e c t s  a re  in  accord  w ith  th e  p o s tu la te  o f In g o ld  e t  a l  
th a t  t h i s  s u b s t i t u t io n  proceeds by th e  b im o lecu la r e l e c t r o p h i l i c  mechanism
V -ill
(17)In g o ld  e t  a l x in  t h e i r  s tu d y  o f th e  o n e -a lk y l exchange r e a c t io n  
observed s tro n g  c a ta ly s i s  o f th e  r e a c t io n  by added l i th iu m  brom ide. The 
k in e t ic s  were s tu d ie d  most f u l l y  f o r  th e  r e a c t io n
MeligBr + HgBr^ x MeHgBr + HgBr^ 1 • 16
in  e th an o l a t  60°C. They observed two forms o f c a ta ly s i s  which th e y  
la b e l le d  one-an ion  and tw o-an ion  c a t a ly s i s .  A d d itio n  o f  L iB r to  HgBr^ 
causes th e  fo rm atio n  o f HgBr^  ^ a lm ost s to ic h io m e tr ic a l ly ,  and th u s  when 
th e  c o n c e n tra tio n  o f added L iB r was l e s s  th a n  th a t  o f HgBr^ one-an ion  
c a ta ly s i s  was observed s in ce  th e  complexed bromide io n  low ered th e  f r e e  
energy o f th e  t r a n s i t i o n  s t a t e  by b r id g in g  th e  mercury atoms and th u s  -
form ing a c lo se d  t r a n s i t i o n  s t a t e  o f th e  type  shown
v H g B r ^  -4
When th e  c o n c e n tra tio n  o f added L iB r exceeded th a t  o f th e  HgBr^? 
th en  th e  r e a c t io n s
* ( - )  i * ( - )HgBr,, + B r ' '  ----- — *• HgBr^ 'C. \ ---------
and
RHgBr + B r ^  R H g B r^
were p o s tu la te d  to  he in v o lv ed , and th e  t r a n s i t i o n  s t a t e  fo r  t h i s  tw o-
anion  c a ta ly s i s  was fo rm ula ted  as s—
^H gB r 
>■ %
R<" '9B r
s /'v  ^ /
v^HgBr2y
O v era ll seco n d -o rd er k in e t ic s  were observed f o r  th e se  r e a c t io n s ,  
f i r s t - o r d e r  in  organom ercuric s a l t ,  and f i r s t - o r d e r  in  m ercuric  s a l t ,  f o r  
R = Me and s-Bu and X = I ,B r ,C l  and OAc. Using o p t ic a l ly  a c t iv e  sec-t 
b u ty lm ercu ric  s a l t s  i t  was found th a t  c o n f ig u ra tio n  was p re se rv e d  in  each 
c a se . C a ta ly s is  was observed w ith  o th e r  an ions which co o rd in a ted  s tro n g ly  
to  m ercury, th e  c a ta ly s i s  d im in ish in g  in  th e  o rd e r s -
I^ > B r^ > C l^ > O A c .
In g o ld  e t  a l  f i n a l l y  p o s tu la te d  th a t  th e se  c a ta ly s i s  mechanisms 
were forms of th e  in te r n a l  mechanism o f s u b s t i t u t io n ,  &^i.
Reutov e t  a l ^ ^  have s tu d ie d  a c o n s id e ra b le  number o f  e le c t r o ­
p h i l i c  s u b s t i t u t io n s ,  u s in g  organom ercuiy compounds f o r  which th e y  have 
p o s tu la te d  c y c l ic  t r a n s i t i o n  s t a t e s .  They s tu d ie d  th e  r e a c t io n  between
^ - s u b s t i tu te d  benzy lm ercu ric  brom ides and radiom ercurybrom ide in  d im e th y l- 
o
su lphox ide  a t  JO  Cf th e  r e a c t io n  w ith  p a r a - s u b s t i tu e n ts  i s o - P r ,  Me, F,
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and Cl was k i n e t i c a l l y  seco n d -o rd e r, f i r s t - o r d e r  in  each r e a c ta n t ,
*
Clf2-  HgBr + HgBr2  >  HgBr + HgBr2
1 .1 7 .
The re a c t io n  was promoted hy e le c tro n -d o n a tin g  jo -s u b s ti tu e n ts  and re ta rd e d  
by e le c tro n -a b s o rb in g  ones, th e  sequence o f r e a c t i v i t i e s  b e in g  s -  
i s o - P r  Me >  H > f r. ^C 1  
in  accordance w ith  an S^2 o r  an S^,i mechanism. The r e a c t io n  was c a t a l ­
ysed  by bromide io n s  from po tassium  bromide in  th e  same manner as r e a c t io n
1.16 (page19). The sequence o f r e a c t i v i t i e s  f o r  th e  c a ta ly s e d  r e a c t io n  
was
Cl >  F >  H ^ S S e > iso -P r.
R eu tov ' 'su g g e s te d  th a t  e le c tro n -d o n a tin g  p a ra - s u b s t i tu e n ts  re ta rd e d  th e  
fo rm atio n  o f  RHgBr^*”^  w hereas e le c tro n -a b so rb in g  groups promoted i t  and 
th e re fo re  th e  r e a c t i v i t y  sequence f o r  th e  c a ta ly s e d  r e a c t io n  was q u a l i t a t ­
iv e ly  th e  re v e rse  o f th a t  fo r  th e  u n ca ta ly sed  r e a c t io n .  The r e a c t io n  
proceeded v i a ^ ^  a c lo se d  t r a n s i t i o n  s t a t e  in  th e  p resence  o f  added bromide 
io n s , i . e .  an S^,i mechanism.
G ie len , H a s ie ls k i e t  a l ^ ?^ , ‘^  have s tu d ie d  e x te n s iv e ly  th e  
h a lo g en o d e m e ta lla tio n  o f b o th  sy m m e tric a l^  ^  and ro ix e d ^ ^  t e t r a a l k y l t i n s  
u s in g  a v a r ie ty  o f p o la r  and n o n -p o la r  s o lv e n ts .  They have e s ta b l is h e d  
th a t  r e a c t io n s  o f  th e  type
R^Sn + E-H -------- > R^Sn-W + R-E 1 .1 8
and
R^SnR1 + E-N
■> R2RfSn-H + R-E
1.19
R^Sn-H + R’-E
proceed  w ith  o v e ra l l  seco n d -o rd e r k in e t i c s ,  f i r s t - o r d e r  in  each r e a c ta n t* -
W ith th e  r e a c ta n ts  I 2 , B r2 and HC1 th e y  d is t in g u is h e d  two so lv en t
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TABLE 1 .1 .
RATE CONSTANTS FOR THE IODODEMETALLATIOH AMP BRQMQIEMEP ALL A.TIOH 
OF SYMMETRICAL TETRAALKYLTIHS (R^Sn) IN VARIOUS SOLVENTS.
T e t r a a lk y l t in  s Me Sn E t Sn 
4 Pr^Sn P r js n
Solvent R eac tan t
MeOH 6.8 0 .8 0.1 -
*2
AcOH 0.2 2 0 .082 0.0094 - X2
PhCl 0.000167 ’ 0.001 0.00013 0.00094 X2
BMF 0.0138 0 .064 0.00085 - Br2
AcOH 9*6 8 .0 1*2 - Br2
PhCl 0 .1 2 1.4 0 .54 1.61 Br2
CCB
4 0.00018 0.017 0.008 0 .1 5
Br2
-1
Rat© c o n s ta n ts  in  l .m o le . sec .
TABLE 1*2.
RATE CONSTANTS FOR THE HALOGEHOBEIM'ALLATIOF OF UNSYMMETRICAL 
TETRAALKYLTBTS (RSnMe^ AMD R S n E tJ  IN VARIOUS SOLVENTS*
S e r ie s  s Me-SnMe^ Et-SnMe^ P rn-SnMe^ P r1-SnMs^ Bun-SnMe^ Bu^-SnMe^
R eactan t Solven t
Br2 PhCla 2.85 2.08 0 .90  2 .06 0 .90 . - 5.5
X2 MeOH13 1.77 0 .256 0.056  ~  0.01 0 .132 c^o.oo
S e r ie s  s Me-SriBt. E t-S n E t. P rn-S nE t. P r^ S r iE t. Bun-SnEt
R eac tan t So lven t
X2 MeOH13 3.58 0 .2 2 0.065 0.004 0 .060
a 2 - 1 - 1R ate c o n s ta n ts  x 10 l .m o le . sec •
R ate c o n s ta n ts  in  l .m o le . sec
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dependent r e a c t i v i t y  sequences f o r  a s e r ie s  o f  sym m etrical t e t r a a l k y l t i n s  s
a) Me^> E t^>  n -P r ^ > is o - P r , a s t e r i c  sequence in  p o la r  so lv e n ts  
e .g .  MeOH, HOAc, D.M.F.
b) Me<^ E t ^> n-P r< ^ i s o - P r ,  a sequence showing an in c re a s in g  c o n tr ­
ib u t io n  o f in d u c tiv e  e f f e c t s  in  n o n -p o la r s o lv e n ts  e .g .  PhC l, PhH, CCl^. 
Examples o f  th e  two sequences a re  shown in  T able  1 .1 .
They suggested  two medium dependent t r a n s i t i o n  s t a t e s  (o f  th e  
S^ ,2 and S^i ty p e ) i n  o rd e r to  in te r p r e t  th e  in f lu e n c e  o f th e  so lv e n t on th e  
b a lance  between s t e r i c  and in d u c tiv e  e f f e c t s .  P o s i t iv e  k in e t ic  s a l t  
e f f e c t s  were o b s e r v e d ^  f o r  r e a c t io n s  in  sequence (a ) which were p o s t­
u la te d  to  be p ro ceed in g  by th e  S.,-,2 mechanism.
The change o f sequence was in te r p r e te d  as th e  r e s u l t  o f a change 
o f mechanism s
a) in  a n u c le o p h il ic  p o la r  s o lv e n t ,  th e  e x te rn a l  n u c le o p h ilic  a s s is ta n c e  
by th e  so lv e n t i s  much more e f f e c t iv e  th a n  th e  in te r n a l  n u c le o p h ilic  co­
o rd in a tio n  o f  th e  r e a c ta n t  and th e  favoured  t r a n s i t i o n  s t a t e  w i l l  be o f th e  
S_,2 ty p e . In  t h i s  case  th e  s t e r i c  e f f e c t s  w i l l  p rep o n d era te  and sequence 
(a) w i l l  be observed .
b) In  a l e s s  p o la r  o r  l e s s  n u c le o p h ilic  s o lv e n t , th e  S^i mechanism i s  en e r­
g e t i c a l l y  more fav o u rab le  th a n  th e  3^2. The in te r n a l  t r a n s i t i o n  s t a t e  
im p lie s  an i n te r n a l  n u c le o p h ilic  a s s is ta n c e  which i s  n o n -e x is te n t in  th e
S. 2^ c a se , and th e  fo rm atio n  o f a t r a n s i t i o n  s t a t e  o f th e  S„2 ty p e  in  a E E
so lv en t which i s  unable  to  s t a b i l i s e  th e  p a r t i a l  charges seems l e s s  p ro b a b le . 
In  t h i s  c a se , th e  a t ta c k  o f  th e  n u c le o p h ilic  p a r t  o f  th e  reag en t p re v e n ts  
th e  r o ta t io n  o f th e  r a d ic a l  about th e  carbon-m etal bond, in  t h i s  v fa y
im m ob ilising  th e . r a d ic a l  and making i t  l e s s  h in d e re d . T h is  i s  why one -
observes sequence (b) in  l e s s  p o la r  s o lv e n ts 5 th e  s t e r i c  e f f e c t s  a re  o f
z k
th e  same o rd e r as in d u c tiv e  e f f e c t s .
A more thorough a n a ly s is  o f th e  e f f e c t  o f  th e  so lv e n t on th e  
n a tu re  o f th e  t r a n s i t i o n  s t a t e  has heen made by G ie len , N a s ie ls k i e t  a l^ 2<^  
u s in g  mixed t e t r a a l k y l t i n s .  From a study  o f th e  h a lo g en o d em e ta lla tio n  
of th e  s e r ie s  Me^SnRr and Et^SnR1, they  showed th a t  in  so lv e n ts  m ethanol 
and a c e t ic  a c id , w ith  th e  le a v in g  group c o n s ta n t, th e  r e a c t i v i t y  sequence 
was (see  Table 1 .2 ) ,
R! = M e^dCt ^ n - B u ^ > n - P r ^ > i  so -P r  ^ \ t  e r t-B u , 
hu t in  so lv e n ts  such as ch lorobenzene th e  sequence o b ta in ed  was (see  T able 1 .2 )  
R* = te r t -B u  ^ M e ^ E t  « iso -p r^ J?n ~ P r = n-Bu.
G ie len  and N a s ie lsk i have a ttem pted  to  e x p la in  th e se  sequences 
(Table 1 .2 ) ,  and a lso  th e  main two so lv en t dependent sequences (T able 1 .1 ) 
as fo llo w s s
a) In  p o la r  s o lv e n ts ,  such as m ethanol, th e  so lv en t i t s e l f  a c ts  as a nuc-
1 . 2 0
l e o p h i l ic  c a ta ly s t  in  a p re ra te -d e te rm in in g  c o o rd in a tio n  (e q u a tio n  4£$Q).
The p o la r i s a t io n  o f th e  t in -c a rb o n  bond i s  enhanced by t h i s  c o o rd in a tio n  
and t h i s  p o la r i s a t io n  governs th e  r e a c t iv i t y  o f  th e  a l k y l - t i n  g roup .
R„Sn + S -—  S(+) i — * R ,S n  S o lv W  R ^
4 ^--------- 4 i
1 .20 s k„-1
a i->   S M  + x  A J  s w _ 2 b n R v . . : . R . . .  A
\ 3 *
where S = s o lv e n t . u  ■
£ __^ R^SnX + RX
G ie len  and N a s ie ls k i suggested  th a t  s t e r i c  e f f e c t s  would be o f 
im portance in  th e  c o o rd in a tio n  o f  so lv en t and a lso  in  th e  subsequent a t ta c k  
o f ha lo g en . They c o l le c te d  th e  d a ta  shown in  T able  1 .3  in  su pport o f 
t h e i r  c o n te n tio n  th a t  th e  r e a c t i v i t y  o f a g iven  group R was g r e a t ly  i n f l ­
uenced by th e  n a tu re  o f th e  le a v in g  group SnR^, and th a t  t h i s  b eh av io u r was
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TABLE 1.3
RATE CONSTANTS FOR THE IOBODEMETALLATIQH OF SYMMETRICAL (R .Sn)• 1 -
AKB UHSYMBTRICAL (R-^SnR*) TBTRAALKYLTIRS BF METHANOL.
T e t r a a lk y l t in Bond Cleaved l.m o le ls e c  ^ fo r  bond 
c leav ed .
Me .Sn 
4
Me-Sn 1.77
Me^Snt-Bu Me-Sn 0.01
Me^SnEt Et~Sn 0 .26
Et Sn
4
E t-S n 0.20
n-PrSnEt^ n -P r-S n 0 .0 6
n -P r.S n
4
n -P r-S n 0.025
n-BuSnMe^ n-Bu-Sn 0.132
n-BuSnEt^ n-Bu-Sn 0 .05
iso-PrSnM e^ iso -P r-S n 0.01
is o -P r .S n
4
iso -P r-S n 0.001
to  "be expected  i f  a l l  th e  a lk y l groups in  R^Sn e x e r te d  a s t e r i c  e f f e c t  , 
tow ards th e  so lv e n t m olecule in  th e  fo rm atio n  o f th e  p e n ta -c o o rd in a te
S ^ i  A c lo se  exam ination  o f T able  1 .3  r e v e a ls ,  however, th a t  
only  when th e  le a v in g  group c o n ta in s  v e r y  bulky a lk y l groups such as 
iso -P r^ S n  o r tert-BuM e^Sn i s  th e re  a marked s t e r i c  e f f e c t ,  and we s h a l l  
p re se n t ev idence la te r ( T a b le  1 .5 , page3 $ )  to  in d ic a te  th a t  in  g e n e ra l th e re  
i s  bu t l i t t l e  s t e r i c  e f f e c t  due to  th e  le a v in g  group. Hence th e  d a ta  o f 
T able 1.3  does n o t r e a l l y  c o n s t i tu te  ev idence f o r  th e  proposed mechanism 
of e q u a tio n  1 . 20 .
b) In  n o n -p o la r  s o lv e n ts  such as ch lo robenzene, a markedly d i f f e r e n t  sequ­
ence o f r e a c t i v i t i e s  i s  o b ta in ed  (T ab les 1.1 and 1 .2 ) .  The sequence i s
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ex p la in ed  by G ie len  and R a s ie ls k i  "by d is t in g u is h in g  i n i t i a l l y  betw een l in e a r  
and branched ch a in  a lk y l groups* For th e  l i n e a r  a lk y l groups i t  can be 
seen  from Table 1 .2  th a t  th e  sequence o f r e a c t i v i t i e s  in  RSnMe^ o b ta in ed  i s  
Me y E t y  n -P r ^  n-Bu 
which i s  analogous to  t h a t  o b ta in ed  in  methanol o r a c e t ic  a c id , and th e  same 
rea so n  as above i s  p roposed , even though th e  v a lu e s  o f k  in  ch lorobenzene 
a re  much sm a lle r .
The p a r t i c u la r  r e a c t i v i t y  o f  th e  branched ch a in  groups i s  due to  
th e  in f lu e n c e  o f o th e r  p a ram ete rs . The f i r s t  s tag e  o f th e  r e a c t io n  b e in g  
a c t iv a t io n  by th e  n u c le o p h ilic  a t ta c k  o f ha logen , f o r  example brom ine, a t  
th e  t i n  atom, th e  r e l a t i v e  r e a c t i v i t i e s  o f th e  Me and t-B u  g ro u p s, fo r  
example, depending only  on th e  f a c to r s  which govern th e  r e a c t i v i t y  o f 
th e  complex s
Me .•t-B usi") — Br^+k  
I t  i s  c e r ta in  t h a t  th e  s t a b i l i t y  o f  th e  p o la r  s t a t e  R  ^ h  Sn ^ , which
fav o u rs  th e  Me group , opposes s t e r i c  decom pression which fav o u rs  th e  t - b u ty l  
group. In  chlorobenzene i t  i s  assumed th a t  p o la r  a s s is ta n c e  by th e  so lv ­
en t to  th e  le a v in g  group R  ^  ^ i s  o f l e s s  im portance th a n  th e  g a in  due %o 
s t e r i c  decom pression and th e  sequence t-Bu^]> Me w i l l  be fav o u red .
In  m ethanol, however, th e  s t a b i l i s a t i o n  o f th e  io n ic  forms i s  
more e n e r g e t ic a l ly  fav o u rab le  th a n  th a t  due to  s t e r i c  decom pression and th e  
r e a c t i v i t i e s  a re  o r ie n ta te d  in  th e  sense M e^> t-B u . The r o le  p layed  by 
th e  halogen m olecule in  a p re -ra te -d e te rm in in g  s te p  i s  th u s  th e  proposed 
mechanism in  l e s s  p o la r  s o lv e n ts ,  and th e  fo llo w in g  o v e ra l l  mechanism 
i s  proposed by G ie len  and H a s ie ls k i
Thus th e  mechanisms proposed in  eq.uationsf.20 and1,21, though n o t 
s p e c i f i c a l ly  named by th e  a u th o rs , a re  examples o f Sg2 (e q u a tio n  1*20) and 
ELi (e q u a tio n  1 .21) mechanisms.
jCj
(23)T a g lia v in i  e t  a l  have s tu d ie d  th e  b rom ination  and io d in a t io n  
o f s e v e ra l mixed t e t r a a l k y l t i n s  in  s o lv e n ts  carbon te t r a c h lo r id e  and meth­
a n o l. S im ila r ly  to  G ie len  e t  a l  th ey  proposed two so lv en t dependent 
mechanisms f o r  th e  seco n d -o rd er r e a c t io n s  th a t  th e y  observed . The 
seco n d -o rd e r r a t e  c o n s ta n ts  were measured f o r  two s e r ie s  o f o rg a n o tin s  
(where -Me and -R a re  th e  c leaved  groups) s
a) R^Sn -Me (R = E t ,  P r ,  Bu and i - P r )
b) Bu^Sn-R (R * Me, E t and P r)
In  carbon  te t r a c h lo r id e  th e  r a t e  c o n s ta n ts  observed f o r  comp­
ounds o f  s e r ie s ( a )  were in  th e  o rders
Et^Sn-Me n-PrSn-Me ^  n-Bu^Sn-Me iso-Pr^Sn-M e
and f o r  compounds o f s e r ie s (b )  s
n-Bu-> Sn-Me n-B u.Sn-E t ^  n-B u.Sn-Pr
3 3 '  ■ 3
In  m ethanol th e  fo llo w in g  o rd e r o f  r a t e  c o n s ta n ts  were observed f o r  th e  
two s e r ie s  s
a) Et^Sn-Me n-Pr^Sn-Me ^n-Bu^Sn-M e iso-Pr^Sn-M e
b) n-Bu^ Sn-Me n-Bu^Sn-Et n-Bu^Sn-Pr
In  s e r ie s  (a) i t  i s  assumed th a t  th e  only r e a c t io n  b e in g  observed  i s  th e  ., 
c leavage  o f th e  Sn-Me bond, and in  s e r ie s  (b) th a t  only  th e  Sn-Me, S n-E t,
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and Sn-Pr bonds r e s p e c t iv e ly  a re  b e in g  c leav ed .
The sequence in  m ethanol was a t t r ib u te d  to  a s t e r i c  i n te r a c t io n  
between th e  e n te r in g  halogen m olecule and th e  le a v in g  group R^Sn, and th e  
p resence  o f a p o s i t iv e  k in e t ic  s a l t  e f f e c t  was used to  p o s tu la te  an open* 
S„2 type  t r a n s i t i o n  s t a t e .  An enhancement o f p o la r i s a t io n  o f  th e  tin-?  
carbon bond was proposed due to  th e  c o o rd in a tio n  o f a m olecule o f m ethanol 
to  th e  t i n  atom, th e  p o s tu la te d  t r a n s i t i o n  s t a t e  b e in g  o f th e  ty p e  s 
R
/?R yS n ^ - U  CILi 5R I i  1 . 220 I
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I n  carbon  te t r a c h l o r id e ,  th e y  proposed a fo u r -c e n tre d  t r a n s ­
i t i o n  s t a t e ,  co rresp o n d in g  to  th e  mechanism S _ i. The sequence o f r e a c t -  
i v i t i e s  was a t t r i b u t e d  to  a com bination  o f s t e r i c  and e le c t r o n ic  e f f e c t s .
The f a c t  th a t  carbon  t e t r a c h lo r id e  was n o t ab le  to  s t a b i l i s e  an open t r a n s ­
i t i o n  s t a t e  was suggested  as th e  re a so n  why a fo u r -c e n tre  t r a n s i t i o n  s t a t e  
a ro se  and th a t  th e  r e a c t i v i t y  sequence was due to  th e  p o la r  ( in d u c tiv e )  
e f f e c t s  o f  th e  a lk y l groups b e in g  dom inant. The t r a n s i t i o n  s t a t e  proposed 
was :
R-Sn**  ----------- R13 \
' * 1*23• i
! I
B r    Br
A s e r i e s  o f e le c t r o p h i l i c  s u b s t i tu t io n  r e a c t io n s  c a r r ie d  out in  
v a r io u s  s o lv e n ts  w i l l  now be d iscu ssed  in  r e l a t i o n  to  G ie len  and R a s ie l s k i ’s 
so lv e n t r u l e .  T a b le ’.!* 4 l i s t s  a s e r ie s  o f e le c t r o p h i l i c  s u b s t i t u t io n  r e a c t ­
io n s . . Only th o se  r e a c t io n s  p roceed ing  in  homogeneous s o lu t io n ,  in  a
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so lv en t have "been in c lu d e d . The r a t e s  a re  ex p ressed  r e l a t i v e  to  th e  meth­
y l  compound, ta k in g  Me = 100. Where th e  methyl compound has n o t been 
s tu d ie d  th e  r a t e s  a re  exp ressed  r e l a t i v e  to  th e  e th y l compound.
The r e a c t io n s  a re  arranged  as f a r - a s  p o s s ib le  in  o rd e r  o f in c re a ­
s in g  p o la r  e f f e c t s  experienced  in  each r e a c t io n ’s a c t i v i t y  sequence (from 
1 to  3 8 ), a lthough  t h i s  obv iously  cannot be a com pletely  smooth gradation*.
R eference to  T able 1 .4  w i l l  be made in  th e  l i g h t  o f G ie len  and 
W a s ie lsk i’ s p o s t u l a t e ^ ^  th a t  changes in  r e a c t i v i t y  sequences a re  s o le ly  due 
to  so lv en t e f f e c t s .  Abraham and H i l l ^  su g g e s t, however, t h a t  r e a c t io n s  
w ith  r e a c t i v i t y  sequences in  which s t e r i c  e f f e c t s  predom inate a re  c h a ra c t­
e r is e d  by Sg2 mechanisms, i . e .  s t e r i c  e f f e c t s  in  th e  a lk y l group b e in g  sub­
s t i t u t e d  a re  dominant and t h i s  can be seen  in  nos* 1-18 (T able 1 .4)*
(29)S p e c ia l n o te  i s  made o f 110. 1 '  * (Table 1 .4 ) where a ve ry  la rg e  s t e r i c
e f f e c t  i s  observed , in  f a c t  th e  l a r g e s t  which has been observed to  d a te ,  
th e  so lv e n t b e in g  th e  r e l a t i v e ly  n o n -p o la r t - b u ta n o l .  T h is  i s  q u i te  con­
t r a d ic to r y  to  G ie len  and N a s ie ls k i ’s so lv en t r u le  s in ce  th e  s t e r i c  e f f e c t  i s  
even la rg e r -  th a n  th a t  observed f o r  r e a c t io n  2 (T able 1 . 4 ) in  th e  much more 
p o la r  so lv en t ? 96% m ethanol.
C o n sid erin g  n o s . 36-38* M inato, Ware and T a y l o r ^ ^  have e s t ­
a b lish e d  th e  fo llo w in g  e l e c t r o p h i l i c  mechanism f o r  th e  c leavage  o f a lk y l -  
bo ron io  a c id s  by aqueous hydrogen perox ide  and i t s  co rre sp o n d in g  an ion  :
?  (") K , / , ( - )  ^ ' \ >  A  k 1 ( -11.24  ^ 0H) + 00H............ - - ->  (H0)g B -  0 -  OH — HOgBOH +^0H
T h is  r e a c t io n  was la b e l le d  S_C by Abraham and H i l l   ^ who p o s tu la te d  t h a t
w hereas in  th e  S i  mechanism, n u c le o p h ilic  a t ta c k  a t  th e  m etal and e l e c t -  £3
r o p h i l i c  a t ta c k  a t  th e  a lk y l group a re  c o n c u rre n t, i t  i s  p o s s ib le  f o r  a .........
n u c le o p h il ic  c e n tre  i n  th e  re a g en t to  co o rd in a te  to  th e  m etal i n  an i n i t i a l
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s te p ,  and th en  to  he fo llow ed by a s h i f t  ( 1 ,2 -  o r  1 ,3 -  e t c . )  o f th e  a lk y l
to  an e le c t r o p h i l i c  c e n tre  in  th e  re a g e n t. T h is  mechanism th e y  la b e l le d
S^C, and su g g ested  th a t  th e  mechanism would he dom inated hy p o la r  e f f e c t s |  
k»
th e  sequence o f r e a c t i v i t y  in  th e  s u b s t i tu te d  group th e re fo re  norm ally
be ing  s Me <C E t — P r <C iso-Pr te r t -B u .  Thus, fo r  th e  mechanisms
36-38 (T able 1 . 4 ) a lthough  th e  r e a c t io n  proceeds in  th e  ve ry  p o la r  aqueous
medium, a p o la r  s e r ie s  o f r e a c t i v i t i e s  i s  observed , ag a in  c o n tra ry  to  what
would be expected  by G ie len  and IT a s ie ls k i 's  so lv en t r u le .
(4)Abraham and H i l l '  '  f u r th e r  env isaged  a s e r ie s  o f mechanisms
in te rm e d ia te  between S 2 and S„C, ones in v o lv in g  c y c l ic  t r a n s i t i o n  s t a t e s .
E &
These might in c lu d e  case s  where e le c t r o p h i l i c  a t ta c k  a t  th e  -c a rb o n  i s  
dominant and th o se  in  which n u c le o p h ilic  a t ta c k  a t  th e  m etal i s  th e  predom­
in a n t f e a tu r e .  The form er a re  more c lo se  to  th e  Sg,2 mechanism and m ight
be r e f e r r e d  to  as 8^21, where as th e  l a t t e r  a re  n e a re r  to  th e  S^C mechanism
and SgC th e re  i s  a g rad u a l change from dominant e l e c t r o p h i l i c  a t t a c k  to  I- 
dominant n u c le o p h il ic  a t ta c k ,  and a co rrespond ing  g rad u a l change in  th e  ; 
e f f e c t  o f  th e  a lk y l group undergoing  s u b s t i tu t io n  from  a s t e r i c  to  a p o la r  
one i s  ex p ec ted . Of th e  r e a c t io n s  l i s t e d ,  nos. 2 ,3 ,6 ,9  and 18 (T able 1 .4 ) 
have been i d e n t i f i e d  as examples o f  th e  Sg2 mechanism. These fo u r  sequ­
ences a re  a l l  s t e r i c  sequences and i t  i s  to  be expected  th a t  a l l  o f th e
examples n o s . 1-18 (Table 1 .4 ) proceed e s s e n t i a l ly  by th e  S„2 mechanism.Jbj
Of th e  rem ainder o f th e  ta b u la te d  r e a c t io n s ,  n o s . 19-35 (T able 1*4)
a g rad u a l change from a s t e r i c  t o  p o la r  sequence can be observed by way o f
th e  Sgi mechanism; in d eed , s e v e ra l o f  th o se  l i s t e d  in  T able  1 .4  have been 
p o s tu la te d  to  proceed  v ia  a c y c lic  t r a n s i t i o n  s t a t e ,  f o r  example n o s . 22*
26 and 30. T here i s  some c o r r e la t io n  w ith  so lv e n t and r e a c t i v i t y
and might be r e f e r r e d  to  as S^Ci. Through th e  s e r ie s  £L2, S ^ 2 i,
3^
sequence as p re d ic te d  by G ie len  and U a s ie l s k i 's  so lv en t r u le  "but th e re  a re
n o ta b le  ex cep tio n s  fo r  example n o s . 1 and 35 (T able 1 .4)*
Abraham and H i l l ^  p re d ic t  th a t  in  Sw2 re a c t io n s  g e n e ra l ly ,  th e
moving group , R! , has an a p p re c ia b le  s t e r i c . e f f e c t ,  and th a t  a lthough
th e re  i s  a f u r th e r  a n i t i c ip a te d  s t e r i c  e f f e c t  due to  th e  le a v in g  group, t h i s
i s  o f l e s s e r  im portance . On th e  o th e r  hand g ie le n  and N a s i e l s k i ^ ^  and 
(23)T a g lia v in i  have co n sid ered  th a t  in  Sg2 r e a c t io n s ,  s t e r i c  e f f e c t s  a re  
m ainly due to  in te r a c t io n s  in v o lv in g  th e  le a v in g  group. In  T ab le  1 .5  a re  
assem bled a s e r ie s  o f mixed t e t r a - a l k y l  t i n s  a long  w ith  th e  s t a t i s t i c a l l y  
c a lc u la te d  v a lu e s  o f th e  r a t e  c o n s ta n ts  f o r  th e  c leavage o f  th e  tin -m e th y l 
bond by io d in e  i n  m ethanol a t  20°C.
As can be seen  from th e  ta b le ,  a lthough  th e  n a tu re  o f  th e  le a v in g  
group v a r ie s  c o n s id e ra b ly , th e  v a r i a t i o n s . i n  th e  r a t e  co n sta n t f o r  th e  
c leavage  o f  th e  Sn-Me bond i s  v e ry  sm all, compared w ith  th e  change in  th e  
r a t e  c o n s ta n t f o r  th e  c leavage  o f th e  v a rio u s ' R-Sn bonds as shown in  
T ab le  1 .3  (p a g e ^ )  • The only anom alies in  th e  s e r ie s  shown in  T able  1 ,5  
a re  when th e  le a v in g  groups c o n ta in  branched a lk y ls  as i s  seen f o r  n o s . 6  
and 11 where th e  le av in g 1 groups a re  t-BuSnMe^ and iso -P r^S n  r e s p e c t iv e ly .
The r a te  c o n s ta n ts  f o r  th e  c leavage  o f th e  Me-Sn bond in  th e se  ca se s  a re  
v e ry  much sm a lle r  th a n  f o r  th e  rem ain ing  cases  i n  T able  1.5# The r e s u l t s  
shown in  Table. 1 . 5 , ' i n  com bination  w ith  th o se  shown in  1 .3  and 1 .4 , th u s  
confirm  th e  g e n e ra l p r e d ic t io n  o f Abraham and H i l l ^  th a t  in  r e a c t io n s  
p roceed ing  v ia  mechanism S^2 i t  i s  th e  s t e r i c  e f f e c t  o f th e  moving group 
th a t  i s  predom inant r a th e r  th a n  th a t  o f th e  le a v in g  group.
The most re le v a n t  work on th e  e l e c t r o p h i l i c  s u b s t i t u t io n  o f 
t e t r a a l k y l t i n s  by m ercuric  s a l t s  to  d a te i s  th a t  o f  S p a ld in g ^ * ^  who. 
s tu d ie d  th e  e l e c t r o p h i l i c  s u b s t i t u t io n  o f  v a r io u s  t e t r a a l k y l t i n s  by
35
TABLE 1,5
THE STATISTICALLY COERECTED RATE CONSTANTS FOR THE
IODODEMETALLAT ION OP VARIOUS TETRAALKYLTINS IN METHANOL
. T e t r a a lk y l t in Bond Cleaved Leaving Group . Me* 2
-Sn. .  -1  -1 l .m o le  sec Re:
1. Me.Sn4 Me-Sn
Me^Sn 1.77 20
2. EtSnMe^ Me-Sn EtSnIfe2 2.34 20
3. n-PrSnMe^ Me-Sn n-PrSnMe2 1.95 20
4 . n-BuSnMe^ Me-Sn n-BuSnMQg 1.95 20
5. iso-PrSnM e^ Me-Sn iso-PrSnM e^ 1.51 20
6. t-BuSnMe^ Me-Sn t-BuSnMe^ 0.01 20
7. Et^SnMe Me-Sn Et^Sn 3.58 20
8 . StjSriMe Me-Sn Et^Sn 3.51 23
9- n-Pr^SnMe Me-Sn n-Pr^Sn 1.66 23
10. n-Bu^SnMe Me-Sn n-Bu^Sn 1.39 23
11. iso-Pr^SnMe Me-Sn iso -P r^S n 0 .1 6 23
m ercuric  io d id e  in  so lv e n t 96$ m ethanols 4$ w a te r . He found th a t  th e  
r e a c t io n  proceeded "by a com bination  o f  an i r r e v e r s ib l e  r e a c t io n  (1 -25) and 
a r e v e r s ib le  r e a c t io n  (1 .2 6 ) .
k2R'SnRj + Hglg — =— y  R 'H gl + H ,SnI 1 .25
R ,SnI + Hgl„ — — * R , S n ^  + H gl,  ^ 1 .263 2 ^--------  3 3
A fte r  d e te rm in a tio n  o f th e  e q u ilib r iu m  co n sta n t fo r  r e a c t io n  1.26 
f o r  R s  R1 « Me, E t ,  n -P r , &'-Bu, i s o - P r  and iso -B u , he was ab le  to  d e te r ­
mine th e  seco n d -o rd e r r a t e  c o n s ta n t (k^) fo r  r e a c t io n  1.25  f o r  th e  above-
36
s e r i e s  o f a lk y l g roups, p lu s  R *= n-Bu, R1 = Me, a t  25°C and 40°C. The 
r e s u l t s  a re  shown in  Table 1 .6 , The fo llo w in g  sequence o f r e a c t i v i t i e s  
was observed %
Me E t y  n -P r ^  n-Bu i s o - B u ^ i s o - P r  
T h is  i s  a pronouncedly s t e r i c  sequence and was p re lim in a ry  ev idence o f  an 
S 2 mechanism. A t r a n s i t i o n  s t a t e  o f th e  types
3
RC" 1.27
Hglg
was p o s tu la te d .  F u r th e r  ev idence f o r  t h i s  s t r u c tu r e  was g a in ed  by d e te r ­
m ining th e  seco n d -o rd e r r a t e  c o n s ta n ts  in  th e  p resence  o f  added l i th iu m
TABLE 1.6
SECOND-ORDER RATE CONSTANTS IH l.M0LE~1. TO T1 FOR 
REACTION HgflU + R Sn — >RHgI + R^Snl IN METHANOL.
R.Sns R » 
4 Me Et n -P r n-Bu i-B u
i - P r Bu^SnMe
a t  40°C + 94.1 0.767 0 .123 0.131 0.0101 1.2x10*”^ 33.7
r e l a t i v e  r a t e  « 100 0.81 0 .1 3 0 .1 4 0.011 1.3x10~5 36
kg a t  25°C 42 .6 0 .285 . 0 .0432 0.0455 3.02x10~3 - 12.8
r e l a t i v e  r a t e  » 100 0 .67 0 .1 0 0.11 . 0 .007 - 30
p e rc h lo ra te .  P o s i t iv e  k in e t i c  s a l t  e f f e c t s  were observed which a re  expe­
c te d  o f  open t r a n s i t i o n  s t a t e s  o f th e  type  (1 .2 7 ) .  The e f f e c t  o f added
s a l t  was d isc u sse d  in  term s o f  th e  eq u a tio n  1.28 s
k  =  k  .  ^ E4 S n  '5HgI2 /  1 . 2 8
37
N f Awhere 0 i s  th e  m olar a c t i v i t y  c o e f f ic ie n t  o f component A, and where 
s A6 = 1 in  th e  absence o f added s a l t .  I t  was observed fo r  th e  case so
R *s E t and n-Bu, th a t  a l l  o f th e  r e a c ta n ts  E t^Sn, n-Bu^Sn and Hgl^ were
(27)s a l t e d  out by l i th iu m  p e rc h lo ra te ,  Setchenox-r’s e q u a tio n  '
S /SQ ®<?cjLiC104 3
b e in g  fo llow ed  up to  a t  l e a s t  one m olar c o n c e n tra tio n  o f l i th iu m  p e r c h lo r a te ,
S ince th e  r e a c ta n ts  were only s l i g h t ly  so lu b le  in  9 6 %  m ethanol t h e i r  a c t­
i v i t y  c o e f f ic ie n ts  were o b ta in ed ^ 2^  by use o f th e  e q u a tio n  $ «* SQ/S .
From th e  a c t i v i t y  c o e f f ic ie n t s  o f th e  r e a c ta n ts  and th e  observed v a lu e s  o f 
k /k Q, th e  a c t i v i t y  c o e f f ic ie n t  o f th e  t r a n s i t i o n  s t a t e ,  0 was c a lc u la te d  
u s in g  e q u a tio n  28. The r e s u l t s  o b ta ined  a re  shown in  T able  1#7»
As was m entioned above, a la rg e  p o s i t iv e  k in e t ic  s a l t  e f f e c t  
was observed , b u t t h i s  can be seen  to  be due to  th e  e f f e c t  o f th e  s a l t  on 
th e  r e a c ta n t s .  Up to  about 0 .25 ' - l i th iu m  p e rc h lo ra te  th e re  was l i t t l e  
e f f e c t  on th e  t r a n s i t i o n  s t a t e ,  and above t h i s ,  th e  t r a n s i t i o n  s t a t e  was 
a c tu a l ly  d e s ta b i l i s e d  by l i th iu m  p e rc h lo ra te .  The s a l t  e f f e c t  on th e  
t r a n s i t i o n  s t a t e  d id  no t fo llo w  Setchenow’s e q u a tio n , and th e  b eh av io u r o f 
th e  t r a n s i t i o n  s t a t e  was in te rm e d ia te  between th a t  o f  a  n o n -e le c tr o ly te  
and th a t  expected  o f  an e l e c t r o l y t e .
( 26)Abraham and S pald ing  7 concluded th a t  th e  t r a n s i t i o n  s t a t e  
must be p o la r  w ith  some charge s e p a ra tio n  and th a t  r e a c t io n  1.25  proceeded
by th e  S^2 mechanism v ia  an open t r a n s i t i o n  s t a t e  such as ( 1. 27) .
(25)Abraham and S pald ing  7 c a lc u la te d  th e  e n tro p ie s  o f a c t iv a t io n  
f o r  th e  r e a c t io n  ( 1 . 25) and th e se  a re  shoxm w ith ., th e  e n tro p ie s  and f r e e  
e n e rg ie s  o f  a c t iv a t io n  in  T able  1 .8 .
/pO\
I t  has been suggested  7 th a t  in  b im o lecu la r s u b s t i t u t io n
38
TABLE 1.7
KINETIC SALT EFFECTS, AND ACTIVITY COEFFICIENTS IF  EQUATION 1.23
M-LiClO.
4
a) R * E t
k/ k0 X V n X H^ 2
0 1 1 1 1
0.016 1.02 1.015 1.015 1.01
0.059 1.11 1.06 1.06 1.01
0.081 1.13 1.08 1.08 1.03
0 .107 1.18 1.10 1.10 1.03
0.161 1.31 1.16 1.16 1.03
0 .262 1.47 1.27 1.27 1.90
0 .392 1.59 1.43 1.44 1.29
0 .503 1.80 1.58 1.59 1.40
0.670 2.04 1.84 1.86 1.68
L) R = n-Bu -
0 1 1 1 1
0 .049 1.06 1.06 1.05 , 1*05
0 .102 1.19 1.12 1.10 1.04
0.128 1.30 1.16 1.12 1.00
0.241 1.56 1.32 1.25 1.06
TABLE 1 .8
ACTIVATION PARAMETERS5 FOR EQUATIONt.25 IF  SOLVENT 96% METHANOL
R = Me Et n -P r i - P r n-Bu i-B u MeSnBu.
A t / = 17,700 20,600 21,750 27,500 21,700 23,300
<5
18,400
A l / a 9,200 11,650 12,350 18,550 12,500 14,350 11,400
- t a / a  8,500 8,950 9,400 8950 9,200 8,950 7,000  7.
a / = -2 8 .4 -30 .1 -3 1 .5 -30 .1 -3 0 .9 -30 .1 -2 3 .4
a A o / A ? / $ and -TAS^ in ca l.m o le ^ , AS^ in  c a l. deg ^ -1mole a l l  a t  298 K.
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r e a c t io n s  in v o lv in g  uncharged r e a c ta n ts ,  h ig h  n e g a tiv e  v a lu e s  f o r  th e  
en tro p y  o f  a c t iv a t io n  a re  in  them selves an in d ic a t io n  th a t  a t r a n s i t i o n  
s t a t e  i s  ’closed* r a th e r  th an  ’ open’ # S p a ld in g , however, c o n s id e rs  
th a t  th e se  h igh  n e g a tiv e  v a lu es  o f a c t iv a t io n  en tro p y  a re  no t n e c e s s a r i ly  
ev idence f o r  a c lo se d  t r a n s i t i o n  s t a t e ,  and p o s tu la te s  th a t  r e a c t io n s  w ith  
t r a n s i t i o n  s t a t e s  c o n sid e ra b ly  more p o la r  th an  th e  i n i t i a l  s t a t e s  might 
a ls o  he expected  to  have h igh  n e g a tiv e  v a lu es  o f  a c t iv a t io n  entropy*
He c i t e s  as examples o f t h i s ,  r e a c t io n s  o f th e  M enschutkin ty p e  which a re  
b im o lecu la r r e a c t io n s  between th e  sp ec ie s  R’l  + R^R and which can  only 
proceed v ia  an open t r a n s i t i o n  s t a t e  which i s  more p o la r  th a n  th e  i n i t i a l  
s t a t e .  These re a c t io n s  g ive  r i s e  to  a c t iv a t io n  e n tro p ie s  o f th e  o rd e r 
o f  -30 to  -40 e .u .  On t h i s  b a s is  he proposes t h a t  th e  a c t iv a t io n  e n tro p ie  
shown in  T able  1 .8  a re  no t in  c o n tra v e n tio n  o f  th e  proposed mechanism Sg2, 
S p a ld ing  was a b le  to  make some o b se rv a tio n  as  to  th e  r e l a t i v e  
im portance o f  th e  s t e r i c  e f f e c t  o f th e  moving group (R’ ) and th e  s t e r i c  
e f f e c t  o f th e  le a v in g  group (R^Sn) from h is  s tudy  o f th e  k in e t i c s  o f  th e  
r e a c t io n  o f m ercuric  io d id e  w ith  n-Bu^SnMe. A com parison o f  th e  r a t e s  o f 
c leavage  o f th e  methyl group from Me^Sn and n-Bu^SnMe and th e  n-Bu group 
from n-Bu^Sn a re  shown i n  T able 1#9»
TABLB 1.9
THE STATISTICALLY CORRECTED RATE CONSTANTS FOR THE SUBSTITUTION 
OE VARIOUS TETRAALKYLTIHS BY MERCURIC IODIDE IH 9 6 %  METHANOL
—1Compound Bond C leaved Leavigg Group R e la tiv e  r a t e s  l .m o le
min 25° C
Me Sn Me-Sn M e^n 10.9
n-Bu.SnMe Me-Sn n-Bu_Sn 12.8
3 3
n-Bu^Sn n-Bu-Sn n-Bu^Sn 0.0114
k o
From T able  1 .9  i t  can be seen th a t  th e  predom inant s t e r i c  e f f e c t  
must fce due to  th e  moving group, n o t th e  le a v in g  group. The r a t e  c o n s ta n ts  
f r r  th e  c leavage o f th e  Me-Sn bond a re  no t s ig n i f i c a n t ly  d i f f e r e n t  a lthough  
th e  le a v in g  groups v a ry  g re a t ly  in  s iz e .  Where th e  le a v in g  groups rem ain 
th e  same (Bu^Sn) b u t th e  bonds c leav ed  change from Me-Sn to  n-Bu-Sn th e n  
th e re  i s  a v e ry  la rg e  re d u c tio n  in  r a t e  due to  th e  la rg e  in c re a s e  in  s t e r i c  
in te r a c t io n  o f th e  moving group w ith  th e  incom ing re a g e n t.
S p a ld in g ’ s work, in  sj^mmary, shows th a t  th e  r e a c t io n  o f t e t r a ­
a lk y l t in s  w ith  m ercuric  io d id e  in  so lv en t 96% p roceeds by mechanism S_2 
v ia  an open t r a n s i t i o n  s t a t e .  A s t e r i c  o rd e r o f r e a c t i v i t i e s  i s  observed , 
th e  dominant f a c to r  in  t h i s  b e in g  th e  s t e r i c  in t e r a c t io n  o f th e  a lk y l 
group undergoing s u b s t i tu t io n .
D. Summary o f th e  Evidence fo r  Mechanisms o f 
B im olecu lar E le c t r o p h i l i c  S u b s t i tu t io n .
The ev idence  g iven  above fo r  th e  p o s s ib le  mechanisms o f  e l e c t ­
r o p h i l ic  s u b s t i t u t io n  can in  summary be s a id  to  depend m ainly on th e  f o l l ­
owing p o in ts  s
a) There a re  two main mechanisms o f  b im o lecu la r e l e c t r o p h i l i c  s u b s t i t u t io n ,  
SL2 and S ^ i, p ro ceed in g  v ia  ’open’ and ’c lo s e d ’ t r a n s i t i o n  s t a t e s  r e s p -hi hi
e c t ig e ly .
/ OQ \
b) G ie len  and B 'a s ie lsk i have suggested^ '  th a t  in  th e  r e l a t i v e  r a t e s  of 
e le c t r o p h i l i c  s u b s t i t u t io n  o f m etal a lk y ls  o f ty p e  where R v a r ie s  
th ro u g h  R = Me, S t ,  n -P r , n-Bu, i s o - P r ,  te r t -B u ,  two sequences o f  r e a c t ­
i v i t y  can be d is t in g u is h e d  and th a t  th e se  two sequences a re  so lv e n t depen­
d e n t. They a re  ( i )  a s t e r i c  sequence l l e ^  E t n -P r  n-Bu is o - P r  
te r t - B u ,  ob serv ab le  in  p o la r  so lv e n ts  where th e  S_2 mechanism i s  o p e ra tiv e ,hi
and ( i i )  a sequence showing an in c re a s in g  c o n tr ib u t io n  o f  p o la r  ( in d u c tiv e )
4-1
e f f e c t s  (Me E t P r < \iso -P r  <C te r t-B u )  o b serv ab le  in  n o n -p o la r  s o lv e n ts
where th e  S^i mechanism now o ccu rs .
(4)Abraham and H i l l  dem onstrated  t h a t  t h i s  ’so lv e n t r u l e 1 f a i l e d  
com ple te ly  in  se v e ra l c ases  (see  T ab le  1 .4  page30), and th ey  c o r r e la te d  
and in te r p r e te d  th e  sequence o f r e l a t i v e  r a t e  c o n s ta n ts ,  no t as  so lv e n t 
e f f e c t s ,  bu t in  te rm s o f th e  p o s s ib le  mechanisms o f e l e c t r o p h i l i c  su b s t­
i t u t i o n  o f m etal a lk y ls ,  th rough  th e  s e r ie s  Sg2, S ^2 i, S^Ci and S^C where 
th e re  i s  a g rad u a l change from dominant e l e c t r o p h i l i c  a t ta c k  to  dominant
n u c le o p h i l ic  a t ta c k .
( 25)
c) Spald ing  has shown th a t  th e  r e a c t io n
k2H Sn + Hglg — H, SnI  + Hglg
p roceeds by th e  S^2 mechanism, v ia  an open t r a n s i t i o n  s t a t e ,  i n  so lv en t 
96$ m ethanol. A s t e r i c  o rd e r o f r e a c t i v i t i e s  was observed , a s  was a 
p o s i t iv e  k in e t ic  s a l t  e f f e c t ,  though th e  e f f e c t  of th e  s a l t  was seen  to  be 
th e  s a l t in g - o u t  o f  th e  r e a c ta n ts  to  a l a r g e r  e x te n t th an  th e  t r a n s i t i o n  
s t a t e .
Large n e g a tiv e  e n tro p ie s  o f a c t iv a t io n  were observed and th e se  
were p o s tu la te d  to  be  in  l in e  w ith  r e l a t i v e l y  n o n -p o la r  r e a c ta n ts  p a ss in g  
to  a p o la r  t r a n s i t i o n  s t a t e .
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S E C T I O N  I I  
THE I NFLUENCE OF SOLVENTS ON THE 
COURSE OF CHEMICAL REACTIONS
A. SCOPE OF THIS SECTION
The in f lu e n c e  of so lv e n ts  on th e  course  of chem ical r e a c t io n s
(44)has long  been known, bu t has only  re c e n t ly  re c e iv e d  a t t e n t io n  as a 
r e s u l t  o f th e  more d e ta i le d  s tudy  o f • r e a c t io n .  n o c h n n ^ n s #
T h is  s e c tio n  w il l  be d iv id ed  in to  two main p a r t s .  The f i r s t  
p a r t  w il l  be concerned w ith  how th e  s o -c a l le d  p o la r i ty  o f a so lv e n t has 
been c o r r e la te d  w ith  th e  r a t e  c o n s ta n ts  o f r e a c t io n s .  The term  so lv e n t 
p o la r i ty  i s  used th roughou t to  in c lu d e  th e  sum of a l l  th e  in te rm o le c u la r  
in te r a c t io n s  o f which th e  so lv en t i s  cap ab le . However, i t  excludes 
in te r a c t io n s  which le a d  to  d e f in i t e  chem ical changes in  th e  s u b s t r a te .
The second p a r t  w i l l  be concerned w ith  th e  e f f e c t  o f mixed 
aq u eo u s-a lc o h o lic  so lv e n ts  on th e  v a r io u s  a c t iv a t io n  param eters  o f chem ical 
r e a c t io n s .
k 3
B. THE I1 L W C E  OF SOLVENT POLARITY OH REACTION RATE
The q u a l i t a t iv e  in f lu e n c e  o f  th e  so lv en t on a l ip h a t i c  s u b s t i t -
(4 5 )
u tio n s  and e l im in a tio n s  has been in v e s t ig a te d  by Hughes and Ingold* '
S '
A ccording to  th e se  a u th o rs , th e  r a t e s  o f re a c tio n *  in  which io n ic  charges 
(o r  charge s e p a ra tio n s )  a r i s e  o r a re  compressed in to  a sm a lle r  space d u rin g  
passage th rough  th e  t r a n s i t i o n  s t a t e ,  in c re a s e  w ith  th e  p o la r i ty  o f th e  
medium su rro u n d in g  th e  r e a c ta n ts  and th e  a c t iv a te d  complex. The r e a c t io n  
i s  r e ta rd e d  i f  io n ic  charges d isa p p e a r o r  become d i s t r ib u te d  th ro ughou t a 
a l a r g e r  space*
The re a so n  f o r  a c c e le r a t io n  o r  r e ta r d a t io n  o f  th e  r e a c t io n  i s  
th e  d if fe re n c e  in  th e  s t a b i l i z a t i o n  o f the  i n i t i a l  s t a t e  and o f  th e  t r a n s ­
i t i o n  s t a t e  by s o lv a t io n . T h is  i s  more c le a r ly  i l l u s t r a t e d  by F ig u re  
2 * 1 (4 ^ )g rpkg ^wo c u rv e sp ')  re p re s e n t  th e  f r e e  energy  p r o f i l e  f o r  a g iven  
r e a c t io n  i n  a so lv e n t in  which n e i th e r  th e  i n i t i a l  no r t r a n s i t i o n  s t a t e s  
a re  s o lv a te d . I f  only  th e  t r a n s i t i o n  s t a t e  i s  so lv a te d  in  a n o th e r so lv en t 
th e n  p r o f i l e  .2  i s  ob ta in ed  (F ig u re  2 .1 ( a ) ) .  The f r e e  energy  o f a c t iv ­
a t io n  i s  reduced  by an amountSAG^, so t h a t  th e  r e a c t io n  i s  a c c e le r a te d .
I f ,  on th e  o th e r  hand, only  th e  i n i t i a l  s t a t e  i s  s o lv a te d , p r o f i l e  ?
(F ig u re  2 .1 (b ) )  i s  o b ta in e d . The f r e e  energy o f  a c t iv a t io n  i s  in c re a se d  
by an amount w ith  th e  r e s u l t  th a t  th e  r e a c t io n  proceeds more s low ly .
The s i t u a t io n  i s  com plica ted  by th e  f a c t  th a t  in c re a se d  so lv ­
a t io n  le a d s  to  an in c re a s e  .in  th e  o rd e r , and hence to  a d ecrease  in  th e  
en tro p y . T h is  r e s u l t s  in  th e  r e s t r i c t i o n  o f th e  freedom  of movement no t 
only  o f th e  r e a c ta n ts  b u t a lso  o f  th e  so lv e n t m o lecu les . M o lecu les .o f 
p o la r  so lv e n ts  e x h ib it  a h ig h  degree o f  o r ie n ta t io n  even in  th e  absence o f 
d is so lv e d  p o la r  su b s ta n c e s , owing to  th e  s tro n g  in te r a c t io n  betw een th e  - 
m o lecu les , w h ile  th o se  o f  n o n -p o la r  s o lv e n ts  a re  on ly  o rdered  to  a sm a lle r
LVLV
B
AG:
(a)
AG'
A G
r
Figure 2.1.
- free energies of activation.
A- initial state; B - transition state; C - final state; 
r - reaction co-ordinate. •
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e x te n t .  I f  a p o la r  t r a n s i t i o n  s t a t e  i s  formed from n o n -p o la r  r e a c ta n ts  
th e  g r e a te s t  in c re a s e  in  th e  o r ie n ta t io n  a s s o c ia te d  w ith  s o lv a t io n  i . e .  th e  
g r e a te s t  d ecrease  in  en tropy  occurs  in  n o n -p o la r s o lv e n ts .  For example 
th e  en tro p y  o f a c t iv a t io n ,  A  S^, f o r  th e  r e a c t io n  o f  a n i l in e  w ith  -  
hromoacetophenone %
Solvent e .u .
c 6b6 -56
(CH3) 2CO -39
EtOH -28
A s tro n g ly  n e g a tiv e  en tro p y  o f a c t iv a t io n  slows down a r e a c t io n  
ju s t  as much as a h igh  a c t iv a t io n  energy .
The e f f e c t s  o f  s o lv a t io n  can h e n i l lu s t r a t e d  f o r  an io n iz a t io n  
p ro c e ss  "by th e  c y c le  s h o w n ^ ^  in  eq u a tio n  2 .1 .
A o r g d .s
as  * ? 0 * * ' gas
Ac/ 2 ‘ 1A G v / s o lv .r
s o lv . ••••• . . / sol v .RX , — ------  XS“ )
The f r e e  energy o f a c t iv a t io n  A ^  in  s o lu t io n  i s  th u s  th e  sum of 
th e  m olar f r e e  energy o f v a p o r iz a t io n , Ac*v , o f RX, th e  f r e e  energy  o f  a c t ­
iv a t io n  o f th e  r e a c t io n  in  th e  gas phase , A G ^ag , and th e  f r e e  energy o f  
s o lv a t io n  o f  th e  a c t iv a te d  complex,
A g^  = A g + A c /  + A g^  . . ' 2.2v  gas - solv..
The change in  a c t iv a t io n  f r e e  energy on changing s o lv e n ts  i s  th e n  s -
S A c /  - S A ^  SAo 2.3
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Thus th e  problem  of th e  in f lu e n c e  o f so lv en t on th e  r a t e  o f  r e a c t io n  can 
be e s s e n t i a l ly  reduced  to  th e  d e te rm in a tio n  o f  th e  f r e e  e n e rg ie s  o f so lv ­
a t io n  o f th e  i n i t i a l  s t a t e  and th e  t r a n s i t i o n  s t a t e .
An a cc u ra te  q u a n t i ta t iv e  d e te rm in a tio n  i s  d i f f i c u l t  owing to  
th e  com plexity  o f th e  in te r a c t io n s  between th e  so lv e n t and th e  s u b s t r a te .  
N e v e rth e le s s , many au th o rs  have a ttem pted  e i t h e r  e m p ir ic a l ly ,  o r on th e  
b a s is  o f d e f in i t e  th e o r ie s ,  to  c o r r e la te  r a t e  c o n s ta n ts  o r f r e e  e n e rg ie s  o f  
a c t iv a t io n  w ith  a c h a r a c te r is t ic .p a ra m e te r  o f th e  s o lv e n t . The emp­
i r i c a l  param eters o f th e  p o la r i ty  o f s o lv e n ts  w hinhhave been determ ined  
re c e n t ly  a re  review ed by R e ic h a rd t.
Grunwald and W in s t e in ^ ^  in v e s t ig a te d  so lv o ly se s  o f a l ip h a t ic  
compounds p roceed ing  by an S^ .1 mechanism; from th e se  in v e s t ig a t io n s  th ey  
d e riv e d  what th e y  term ed ”Y -values" as a q u a n t i ta t iv e  measure o f  th e  io n ­
iz in g  power o f  a s o lv e n t . The r e la t io n s h ip  betw een Y and th e  r a t e  o f 
s o lv o ly s is  was g iv en  by s
l 0 %  = m(YA - V  2-4
k^ and k^ a re  th e  r a t e  c o n s ta n ts  o f an S^1 s o lv o ly s is  in  s o lv e n ts  A and B, 
m i s  a c o n s ta n t a t  a g iven  tem p era tu re  and i s  c h a r a c t e r i s t i c  o f  th e  comp­
ound b e in g  so lv o ly se d . The s o lv o ly s is  o f t-B uC l a t  25°C was chosen as
th e  s tan d a rd  r e a c t io n ,  and Y was d e fin ed  as s
,  BuCl , . BuClY = lo g k  -  lo g  kQ 2 . 5
’“BuCl BuClk  aha kQ b e in g  th e  r a t e  c o n s ta n ts  o f th e  s o lv o ly s is  o f  t - b u t y l -  
c h lo r id e  a t  25°C in  a g iven  so lv e n t and in  a s tan d a rd  so lv en t (aqueous 
e th a n o l , 80% by volum e). The g en e ra l eq u a tio n  th e re fo re  red u ces  to  th e  
form :
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lo g  k /k Q = m.Y 2.6
S in ce , acco rd in g  to  th e  t r a n s i t i o n  s t a t e  th e o ry , th e  lo g a rith m  o f  th e  r a t e
co n s ta n t i s  p ro p o r tio n a l to  th e  f r e e  energy o f  a c t iv a t io n ,  Y b e a rs  a  l i n e a r
r e la t io n s h ip  to  th e  f r e e  energy . A number o f Y v a lu e s  were o b ta in e d ,
(50 ,51 )t h e i r  v a lu e s  b e in g  g iven  in  T able  2 .1 . 7 1
TABLE 2.1
EMPIRICAL PARAMETER Y OP THE POLARITY OF SOLVENTS, 
COMPARED WITH THE DIELECTRIC CONSTANTS.
Solvent D ie le c t r ic  0 C onstan t 25 C Y 2 j f c .
h20 73.5 3.493
H.COOH 57.9 2 .054
H.CONHg 109.5 0.604
CH^ OH 32.6 - 1.090
c2h5oh/ h2o 
80 ! 20
— 0.000
CH CH20H 24.3* -2 .3 0 3
CHj COOH 6.19 -1 .6 3 9
(CH JgCHOH 18.3 -2 .7 3
(CH3) COH 12.2 - 3 .2 6
The l a r g e r  th e  va lu e  o f  Y, th e  g r e a te r  i s  th e  io n iz in g  power o f 
th e  s o lv e n t .  The Y v a lu es  a re  an em p irica l measure o f th e  a b i l i t y  o f a 
so lv e n t to  s o lv a te  io n s , and in  many cases  g ive  b e t t e r  c o r r e la t io n s  w ith  
lo g  k o f so lv en t-d ep en d en t r e a c t io n s  th an  do th e  d i e l e c t r i c  c o n s ta n ts .^ 0 > 5  
E q u a tio n  2 .4  makes i t  p o s s ib le  to  measure th e  io n iz in g  a c t io n  o f
48
a so lv en t in v o lv ed  in  e le c t r o p h i l i c  s u b s t i tu t io n  a t  a s a tu r a te d  carbon atom*
(52 53)T h is  has been shown by G ie len  and IT asie lsk i 9 '  who proposed eq u a tio n  2*7
to  d e sc r ib e  mere q u a n t i t a t iv e ly  th e  e f f e c t  o f so lv e n ts  on th e  r a t e  o f a l i ­
p h a tic  e le c t r o p h i l i c  r e a c t io n s  %
lo g  j  * p.X
0
2*7
k  i s  th e  r a t e  c o n s ta n t o f an a l ip h a t ic  e l e c t r o p h i l i c  s u b s t i t u t io n  re a c t io n  
on an o rg an o m e ta llic  compound in  angiven s o lv e n t .
k Q i s  th e  r a t e  c o n s ta n t o f th e  same r e a c t io n  on th e  same o rg an o m e ta llic  
compound in  a c e t ic  a c id .
p i s  a c o n s ta n t depending on th e  n a tu re  o f th e  e le c t to p h i le o  and th e  org­
a n o m e ta llic  compound (p has been s e t  equal to  1 .00 f o r  th e  brom odem etal- 
1a t io n  o f Me^Sn).
X i s  d e fin ed  as  th e  p o la r i ty  o f  th e  so lv e n t .
The v a lu es  o f X were determ ined  f o r  a v a r ie ty  o f s o lv e n ts ,  th e  r e s u l t s  a re  
shown in  Table 2 .2 .
TABLE 2 .2
EMPIRICAL PARAMETER X OF THE POLARITY OP SOLVENTS 
COMPARED WITH THE DIELECTRIC CONSTANTS
S olven t D ie le c t r icC onstant
D.M.S'-O.
MeOH
D.M.P.
MeCN
AcOH
PhCl
CC1.
48 .9
32.6
36.7
37*5
6.19
5.61
2.23
1*6
0.91
0.8
0 .04
0.00
- 1 .9
- 4 .8
if9
As was d iscu ssed  in  S e c tio n  I  (pp . 2 1 -2 $  G ie len  and H a s ie ls k i 
suggested  two so lv e n t dependent sequences o f r e a c t i v i t i e s  depending on th e  
p o la r i ty  o f th e  so lv en t to  e x p la in  th e  observed change in  mechanism f o r  th e  
h a lo g en o d em e ta lla tio n  o f t e t r a a l k y l t i n s ,  on changing from p o la r  to  non­
p o la r  s o lv e n ts .  They a ttem p ted  here  to  o b ta in  a q u a n t i ta t iv e  e m p iric a l 
e s tim a te  o f th e  p o la r i ty  o f th e  s o lv e n ts .  As can be seen  from T ab le  2 .2  
th e  fo llo w in g  sequence o f p o l a r i t i e s  i s  ob ta in ed  %
D.M.S.O. >  MeOH >  D.M.F# >  MeCF >  AcOH >  PhCl >  CC14
and t h i s  i s  th e  q u a l i t a t iv e  o rd e r expec ted , as th e  mechanism was observed  to
change from an open S ,^2 s t a t e  to  a c lo se d  S^i s t a t e ,  o f th e  d e c rea s in g
(  52^n u c le o p h il ic  b eh av io u r o f th e  so lv en t tow ards th e  c e n t r a l  m etal a to m .' *
In  ap p ly in g  th e  above p a ram ete r, X, G ie len  and N a s ie ls k i assume 
th a t  th e  c o n tr ib u t io n  o f in te rm o le c u la r  fo rc e s  in  th e  in te r a c t io n  betw een 
th e  so lv en t and th e  s tan d a rd  su b stan ce  i s  th e  same as in  th e  i n t e r a c t io n  
betw een th e  so lv e n t and a s u b s t r a te .  T h is  i s  p robab ly  t r u e  on ly  in  ve ry  
few c a s e s ,  so t h a t  th e  use o f t h i s  and o th e r  param eters  f o r  c h a r a c te r is in g  
th e  s o lv a t in g  a c t io n  o f any so lv en t and co n c lu s io n s  as to  th e  s o lv a t io n  o f 
any o rg an ic  m olecu les appear to  be v e ry  r e s t r i c t e d .
P i l l o n i  and T a g l i a v i n i ^ 4 )  ^ave s tu d ie d  th e  e f f e c t  o f a d d it io n  o f 
p o la r  so lv e n ts  to  carbon t e t r a c h lo r id e  in  th e  r e a c t io n  o f io d in e  w ith  t e t r a -  
m eth y llead  a t  31°C. The v a lu e  o f  th e  r a t e  c o n s ta n t in  th e  p resen ce  o f 
added p o la r  so lv e n t was found to  in c re a se  w ith  in c re a s in g  c o n c e n tra tio n  o f 
p p la r  so lv e n t and to  be l i n e a r ly  r e la te d  to  th e  square  c o n c e n tra tio n  o f th e  
added s o lv e n t .  The s e r ie s  o f  so lv e n ts  used was m ethanol, e th a n o l ,  n -  
p ro p an o l, and a c e t o n i t r i l e .  Graphs p lo t te d  o f  observed r a t e  c o n s ta n t 
a g a in s t  square  c o n c e n tra tio n  were c o - l in e a r  f o r  th e  a lc o h o ls , w hereas th e  
s lo p e  o f th e  l in e  f o r  a c e t o n i t r i l e  was somewhat h ig h e r . From t h e i r
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r e s u l t s  P i l lo n i  and T a g lia s tin i suggested  th a t  th e  above r e a c t io n  was a s s i ­
s te d  by n u c le o p h i lic  p a r t ic ip a t io n  by th e  so lv e n t in  a p re - ra te -d e te rm in in g  
s te p .  T h is  i s  e q u iv a le n t to  what i s  u s u a lly  c a l le d  s o lv a t io n , and i f
s o lv a t io n  occurs only in  th e  ground s t a t e  th e n  re fe re n c e  to  F ig u re  2 .1 (b ) 
( p a g e ^ )  shows th a t  in  f a c t  th e  fre e -e n e rg y  o f th e  ground s t a t e  i s  low ered 
w ith  a co rresp o n d in g  decrease  in  th e  r a t e .  An in c re a s e  in  r a t e  w i l l  on ly  
occur i f  th e  f r e e  energy o f th e  t r a n s i t i o n  s t a t e  i s  low ered more ( i . e .  
g r e a te r  s o lv a tio n )  th a n  th a t  o f  th e  ground s t a t e .
A f u r th e r  param eter th a t  has been w idely  used t o  t r y  and c o r r e la te  
so lv en t p o la r i ty  and th e  r e a c t io n  r a t e  i s  th e  m acroscopic d i e l e c t r i c  
c o n s ta n t.
In  a r e a c t io n  between n e u tr a l  b u t p o la r  m olecules th e  e le c t r o ­
s t a t i c  fo rc e s  o f a t t r a c t i o n  p redom inate , le a d in g  to  an o r ie n ta t io n  p o la r iz -  
a t  io n . An eq u a tio n  was d e riv ed  by Kirkwoods / f o r  th e  change in  f r e e
energy  when a m olecule w ith  d ip o le  m o m e n t a n d  r a d iu s ,  r ,  passed  from 
a medium o f d i e l e c t r i c  c o n s ta n t 1, to  a medium w ith  d i e l e c t r i c  c o n s ta n t ,  D 1
A g  = -A  D—1 2.8
' i  2D+1 r
C o n sid erin g  a r e a c t io n  between two n e u tr a l  b u t p o la r  m olecu les 5
\r  J
A + B ------ ^  C” -------^  p ro d u c ts  2 .9
1
where A, B and C~ re p re se n t p o la r  compounds, from th e  t r a n s i t i o n  s t a t e
th e o ry , f o r  a r e a c t io n  o f th e  ty p e  in  eq u a tio n  2 .9
/ -AG^
k * HP. KT -  ' HP ■ e BT 0
Sh- Sh 2 - 10
51
C o m b in a tio n  o f  e q u a t io n s  2 ,8  and 2*10 f o r  th e  r e a c t i o n  i n  e q u a t io n  2 ,9  
l e a d s  to  th e  r e s u l t i n g  e q u a t io n  : ^ 2 2
In k  = In k  -  J L  -0 M ) A a  . A b
lniCo ■ RT *T2I)Tl7 3 3  3 *
r A r B r /
w here k  and k^ a re  r a t e  c o n s ta n t s  i n  m edia  w ith  d i e l e c t r i c  c o n s ta n t s  
o f  D and 1 r e s p e c t i v e l y .  F o r  r e a c t i o n  o f th e  ty p e  i n  e q u a t io n  2 ,9 ,  
e q u a t io n  2 ,1 1  p r e d i c t s  t h a t  to  o b ta in  a p o s i t i v e  s lo p e  f o r  a  p l o t  
o f  lo g  k  v s ,  (D -1 )/(2 D + 1 ) ,  a s  D i n c r e a s e s ,  t h a t t h e  d ip o le  
moment o f th e  t r a n s i t i o n  s t a t e  m ust be much l a r g e r  thaii/<*- and 
( th e  d ip o le  moments o f  th e  r e a c t a n t s ) ,  b e ca u se  to  a  f i r s t
V 7 7
a p p ro x im a tio n  r ^  + r ^  = r ^
Many r e a c t i o n s  o f  n e u t r a l  b u t p o la r  r e a c t a n t s  have 
b een  c a r r i e d  o u t i n  m ix tu re s  o f two s o lv e n t s  o f  su ch  c o m p o s itio n  
t h a t  th e  d i e l e c t r i c  c o n s ta n t  can  be v a r i e d .  P l o t s  o f  lo g  a g a in s t  
( D -1 )/(2 D + 1 ) have b een  made and some t y p i c a l  r e s u l t s  a r e  shown 
i n  F ig u r e s  2 .2 ^  and 2 * 3 * ^ ^  The r e s u l t s  i n  F ig u r e  2 ,2  
a r e  th e  r e s u l t s  f o r  th e  r e a c t io n s ^ b e tw e e n  p y r id in e  and b e n z y l 
b rom ide ( a )  and b e tw een  t r i e th y l a c i in e  and b en zy lb ro m id e  (b )  i n  
a lc o h o l-b e n z e n e  m ix tu r e s ;  th o s e -  i n  'F ig u re  2 ,3  a r e  f o r  th e  
same r e a c t i o n s  i n  b e n z e n e -n itro b e n z e n e i  m ix tu r e s .  As can  be 
s e e n  from  F ig u r e  2 .2 ,  th e  -.c r e a c t i o n s  g iv e  a lm o s t l i n e a r  p l o t s  i n
a c c o rd a n c e  w ith  t h e o r e t i c a l  r e q u i r e m e n ts , b u t th e  p l o t s
i n  F ig u r e  2 .3  show c o n s id e r a b le  d e v i a t i o n s .  T h is  i s  
p ro b a b ly  due to  th e  f a c t  t h a t  e q u a t io n  2 ,1 1  makes no a llo w a n c e  
f o r  th e  n o n - e l e c t r o s t a t i c  f o r c e s  w hich i n  a  l a r g e  number o f 
r e a c t i o n s  p la y  an  im p o r ta n t  p a r t .
6+logk
4.0
(b)
3.0
2.3
Dependence of specific 
reaction rates on di­
electric constant in 
benzene-alcohol 'mixtures.
6 + lo g k
4.3
4.0 (b)
( a )
0
2.3
2D+1
Dependence of specific reaction 
rates on dielectric constant in. 
benzene-nitrobenzene mixtures'.”
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AH ^  
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0.3 
Figure 2.4.
.0
Heats of mixing with water at 23 
of heOH, EtOH, PrOH, and t-HuOH.
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C. THE EFFECT OF SOLVENT COMPOSITION ON THE ACTIVATION
PARAMETERS OF REACTIONS IN BINARY MIXED SOLVENTS
T h is  s e c t io n  w i l l  d ea l m ainly w ith  b in a ry  aq u eo u s-a lco h o lic  
so lv e n t m ix tu res , p a r t i c u la r ly  w ith  re fe re n c e  to  th e  so lv en t m ethanol-w ater* 
The p h y s ic a l p ro p e r t ie s  of a lc o h o l-w a te r  m ix tu res  have been
/ cg\
review ed in  some d e t a i l  by .F ranks and Iv e s . '
The in te r a c t io n s  betw een w a ter and a lc o h o ls  a re  r a th e r  more 
complex th an  i s  suggested  by a sim ple ac id -b ase  p ro to n  t r a n s f e r  o f th e  k in d  :
Both a lc o h o ls  and w a te r a re  e x te n s iv e ly  a s s o c ia te d  by hydrogen bonding , b u t
th e  two ty p e s  o f a s s o c ia t io n  a re  q u i te  d is s im i la r  and m utually  incom patib le ,,
The com plex ity  o f  a lco h o l-w a te r  m ix tu res  i s  c le a r ly  dem onstrated  by t h e i r
(57}thermodynamic and v o lu m etric  p r o p e r t ie s .  1
which i s  in d ic a t iv e  o f a t l e a s t  two com peting k in d s  o f  in t e r a c t io n s .  Thus 
i t  i s  to  be expec ted  th a t  th e  k in e t ic  behav iour observed in  mixed aqueous- 
a lc o h o l ic  s o lv e n ts  w i l l  be somewhat a f fe c te d  by changes in  th e  so lv e n t comp­
o s i t io n .
t - b u t y l  c h lo r id e  in  v a r io u s  a lc o h o l-w a te r  m ix tu res . A lthough t h i s  i s  an 
S^ .1 r e a c t io n ,  i t  i s  b e in g  co n sid e red  here  as i t  i s  th e  only  com prehensive 
s tudy  of th e  e f f e c t  o f so lv en t com position  on th e  a c t iv a t io n  p aram eters  o f  
a r e a c t io n  c a r r ie d  out in  mixed s o lv e n ts .  The d is c u s s io n  h e re  w i l l  be 
co n fin ed  to  th e  s o lv o ly s is  o f t - b u t y l  c h lo r id e  i n  so lv en t m e th an o l-w ater.-
+ R O ^ *  H,0 + ROH
The en th a lp y  o f  m ixing cu rves f o r  s e v e ra l  a lc o h o ls  w ith  w a te r 
( 5 1 )a re  shown in  F ig u re  2 .4 , and show a ty p e  o f  c o n c e n tra tio n  dependence
(48W in ste in  and F a in b e rg v } have s tu d ie d  th e  s o lv o ly s is  o f
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(57 58 59I t  w i l l  th e n  he fo llow ed by an o u t l in e  o f th e  work o f A rn e tt e t - .a l .  60)
who made use o f W in ste in  and F a in b e rg ’s o r ig in a l  work on th e  s o lv o ly s is  o f 
t - h u ty l  c h lo r id e  in  so lv en t e th a n o l-w a te r . They c a r r ie d  out much c a lo r -
im e tr ic  work to  determ ine th e  h ea t o f s o lu t io n  o f  t - h u ty l  c h lo r id e  in  
v a r io u s  e th a n o l-w a te r  m ix tu res . Using th e se  r e s u l t s ,  and th e  a c t iv a t io n  
p aram eters  o f  W in ste in  and F a in h e rg , A rn e tt e t  a l  were ah le  to  d is s e c t  th e  
a c t iv a t io n  e n th a lp ie s  in to  th e  vground  s t a t e  and th e  t r a n s i t i o n  s t a t e  
" c o n tr ib u tio n s .
As was m entioned e a r l i e r  ( p p . ^ i ^ ? ) ,  W in ste in  and F a in h e rg , 
from t h e i r  s tu d ie s  o f th e  S^1 s o lv o ly s is  o f t - h u ty l  c h lo r id e  in  v a r io u s  
s o lv e n ts ,  d e riv e d  what th ey  term ed "Y -valuesM as a q u a n t i ta t iv e  measure o f 
th e  io n iz in g  power o f a s o lv e n t .  They o b ta in ed  Y -values from th e  s o lv -
(5*no ly s is  o f  t - h u t y l  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res . 7 
G raph ica l com parisons were th e n  made o f  lo g  k  v s .  Y and lo g  k  vs* (D—1 ) /  
(2D+1), where k  i s  th e  f i r s t - o r d e r  r a t e  co n sta n t of s o lv o ly s is ,  and (D ~1)/ 
(2D+1) a r i s e s  from eq u a tio n  2.11 (page51). The r e s u l t s  a re  shown in
T able  2 .3 , and th e  graphs in  F ig u re  2.5* As can he seen  from F ig u re  2 .5 , 
th e  graph o f lo g  k  v s . (D-1)/(2D+1) i s  no t l i n e a r .
W in ste in  and F a inherg  suggest th a t  t h i s  i s  due to  th e  f a c t  th a t  
th e  d i e l e c t r i c  c o n s ta n t dependent eq u a tio n  (e q u a tio n  2 .1 1 , page 5 D does n o t 
allow  f o r  n o n - e le c t r o s ta t i c  fo r c e s .  As was m entioned io n  page^7, th e  
lo g a rith m  o f th e  r a t e  c o n s ta n t i s  p ro p o r tio n a l t o  th e  f r e e  energy  o f a c t ­
iv a t io n ,  and th e re fo re  Y, by d e f in i t io n  (eq u a tio n  2 .6 , p a g e ^ ^ ,  h e a rs  a 
l i n e a r  r e la t io n s h ip  to  th e  f r e e  energy . I n te r e s t in g ly ,  th e  g raph o f 
A c /  v s . mole f r a c t io n  o f w a ter (F igu re  2 .6 ) i s  seen to  he alm ost l i n e a r .
W in ste in  and F a in b e r g ^ ^  th e n  extended t h e i r  s tudy  o f s o lv o ly s is  
o f  t - h u ty l  c h lo r id e  to  in c lu d e  d e te rm in a tio n  o f th e  r a t e  c o n s ta n ts  a t  v a r io u s
Figure 2.5.
h !h
Dependence of specific reaction rates of 
sp lv .o lY sis  of t-BuCl in metlianol-water 
mixtures,on (D - 1 ) / ( 2 D  + 1) and Y.
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TABLE 2 ,3
DEPENDENCE OP THE RATE CONSTANTS IN THE DIELECTRIC
CONSTANT AND Y IN SOLVENT METHANOL-NATER
$MeOH v
5kx10 sec  ^ lo g  k D D—1 2D+1 Y
100 0 0.0753 -6 .1 2 3 33.2 0.4777 - 1.090
90 0 .2 0 0 .464 -5*334 38.7 0.4808 -0 .301
80 0 .3 6 2.23 - 4.652 43 .6 , 0 .4829 0.381
70 0 .4 9 8.47 - 4*072 48 ,2 0.4845 0.961
60 0.60 28,8 -3 .541 53*9 0*4862 1.492
50 0 .69 86 .9 -3 .061 58.4 0.4872 1.972
40 0 .7 7 228 -2 .6 4 2 63.0 0.4882 2.391
30 0 .8 4 525 -2 .280 67.5 0.4890 2.753
20 0 .90 981 -2 .0 0 8 71.5 0.4896 3.025
10 0 .95 1760 -1 .7 5 5 75.0 0.4901 3.279
0 1.00 2880 -1.341 7 8 .6 0.4905 3.493
■tem peratures. In  t h i s  way th ey  were ab le  to  determ ine th e  a c t iv a t io n  
p aram eters  fo r  th e  s o lv o ly s is  in  v a r io u s  a lc o h o l-w a te r  m ix tu re s . D iscus­
s io n  h e re  w i l l  he l im ite d  to  so lv e n t m ethano l-w ater.
The fo llo w in g  system  o f  nom enclature w i l l  be used th roughou t 
t h i s  work to  d e sc r ib e  th e  thermodynamic p ro p e r t ie s  o f a r e a c t io n  o f  th e  
ty p e
A ' B -------^ T 2 .12
V" 1 ""■*"*
T ------- £ p ro d u c ts  2 .1 2 a .
where A and B re p re s e n t  r e a c ta n t s ,  and T re p re s e n ts  th e  t r a n s i t i o n  s t a t e .
L et P sym bolize any thermodynamic p ro p e r ty  o f e q u a tio n  2 .1 2 .
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any a c t iv a t io n  param eter in  a s o lv e n t ,  n .
n , 1
e*g« s th e  a c t iv a t io n  en th a lp y  in  so lv e n t 1 •
-  A P ^  * A  * "khe change i n  a c t iv a t io n  param eter
on t r a n s f e r  from so lv en t 1 to  so lv e n t 2 .
A P  £C) = th e  m olar s o lu t io n  p aram eter o f substance  C in  so lv en t
n .
e .g .A H ^ A ) a th e  m olar h ea t o f s o lu t io n  o f r e a c ta n t  A in
so lv en t 1•
A P j jC )  - A P s ^G) -  A P gftp^> = ^he change in  th e  m olar 
s o lu t io n  param eter on t r a n s f e r  from so lv e n t 1 to  2 i  
S ince ^ P Q e q u a ls  A  ^he change in  param eter p o f  a s o lu te  on
t r a n s f e r  from s o lu t io n  1 to  s o lu t io n  2, we may w r ite  ^ P ^ ( C )  A  P (C) ~
A p ^ ) .
^ Pv£C> as th e  m olar s tan d a rd  param eter o f v a p o r iz a tio n  o f  sub­
s tan c e  0 9 from so lv e n t n .
The above nom enclature i s  d i f f e r e n t  to  th a t  used by W in ste in  and 
F a in b e rg , and a l l  t h e i r  e q u a tio n s  w il l  be changed to  t h i s  form . For
exam ple, W in ste in  and F a in b e r g ^ ^  use th e  fo llo w in g  e q u a tio n  f o r  th e  f r e e
energy  o f t r a n s f e r  from m ethanol to  w ater s
A A g ^  = A A ( /  + AAG° s v
T his  now becomes :
A < A =  - A c f  - * < * “ , & >
°r A s ii ■ A G ii?) - A G °iix)
s in c e  A G ° ; (RJ) -  A O ° £ x )
where 1 = m ethanol, 2 = w afer and RX = t-B uC l
F ig u re  2 .6 .
Activation parameters for the hydrolysis, of 
t - B u C l  in aqueous methanol at 25 G.
k ca l.m o le  f o r
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W in ste in  and F a in b e r g ^ ^  o b ta in ed  th e  a c t iv a t io n  p aram eters
andAG^AH' ’ A S r   , th e  a c t iv a t io n  e n th a lp y , en tro p y , and f r e e  energy re s p ­
e c t iv e ly ,  fo r  th e  s o lv o ly s is  o f t - b u ty l  c h lo r id e  in  m ethano l-w ater m ixtures?  
r e f e r r e d  to  th e  r e a c t io n  a t  25°C., T h e ir  r e s u l t s  a re  shown in  T able  2 .4  
and th e  g raphs ofA H ^vs.X ^ q , - 298A S^vs.X^ q , andAG^vs.X^ q a re  shown in  
F ig u re  2 .6  (X^ ^ i s  th e  mole f r a c t io n  o f w a te r ) .
TABLE 2 .4
ACTIVATIOW PARAMETERS FOR THE SOLVOLYSIS OF 
t-BuCl BF AQUEOUS METHANOL
%MeOH
-<r
ah2o A i A  ,k.cax .m ole
A S ?
e .u .
- 2 9 ,
k .c a l.m o le
A C^25 
k .c a l.m o le
100 0 24.88 -3 .1 0 .92 25.80
90 0.20 23.53 -4 .0 1.19 24.72
80 0 .36 22.40 -4 .7 1.40 23.80
70 0 .4 9 21.90 -4 .0 1.19 23.09
60 0.60 21.64 - 2 .2 0 .66  . 22.30
50 0.6.9 21.45 —0 • 6 0 .18 21.63
40 0 .77 21.33 0 .9 -0 .2 7 21.06
30 • 0 .84 21.81 4 .2 - 1.25 20.56
20 0.90 22.79 8.7 -2 .5 9 20.20
10 0 .9 5 23.03 10.7 -3 .1 9 19.84
0 1.00 23.22 12.2 -3 .6 3 19.59
C o nsidering  th e  th re e  p r o f i l e s  o f th e  a c t iv a t io n  p aram eters  
(F ig u re  2 .6 ) ,  one a t  a tim e , i t  can be seen th a t  th e  f r e e  energy o f  a c t iv ­
a t io n  behaves in  a r e l a t i v e l y  sim ple fa sh io n  as p re d ic te d  by th e  Hughes-.. 
In g o ld  approach to  medium e f f e c t s  on re a c t io n  r a t e s .  S o lv o ly s is  o f
60
t- 'b u ty l  c h lo r id e  i s  b e lie v e d  to  occur through co n v ersio n  o f a r e l a t i v e ly  
n o n -p o la r m olecule to  an io n - p a ir  l i k e  t r a n s i t i o n  s t a t e .  Thus as  th e  
d i e l e c t r i c  c o n s ta n t o f th e  medium i s  in c reased  going  from m ethanol to  
w a te r , so th e  f r e e  energy o f a c t iv a t io n  should  d ecrease  s te a d i ly .
However, exam ination  o f th e  so lv en t e f f e c t s  on th e  e n th a lp y  and 
en tro p y  o f a c t iv a t io n  re v e a ls  im m ediately  th a t  th e  o rd e r ly  b eh av iou r o f  th e  
f r e e  energy i s  due to  a com pensation o f v a r ia b le  changes in  th e  o th e r  two 
te rm s .
W in ste in  and F a in b erg  t r i e d  to  an a ly se  th e se  r e s u l t s b y  
d is s e c t in g  each param ete r, p a r t i c u la r ly  th e  f r e e  energy o f a c t iv a t io n ,  in to  
th e  ground s t a t e  and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s*  They o b ta in ed  a 
r e la t io n s h ip  betw een th e  f r e e  energy  change, on t r a n s f e r r in g  th e  r e a c t io n  
from methanol to  v a r io u s  m ethanol-w ater m ix tu res , and th e  ground and t r a n s ­
i t i o n  s t a t e  c o n tr ib u tio n s  to  t h i s  a re  shown i n  e q u a tio n  2.13 s
= A g^  - A g/  = A g^ )  -  A G°|gX) 2.13
W in ste in  and F a in b erg  determ ined  th e  ground i s ta te  c o n tr ib u t io n  to  
th e  a c t iv a t io n  f r e e  energy o f t r a n s f e r  from known d a t a ^ ^  o f th e  H enry 's  
Law c o n s ta n ts  o f t - b u ty l  c h lo r id e  in  m ethanol-w ater m ix tu res  u s in g  eq u a tio n  
2 .14  s
A  G ^K X ) * A c j j | )  = BTlnK^RX) -  RTlnK^(KX) 2 . 14
« RTln
where Kr(BX) = th e  H en ry 's  Law c o n s ta n t o f t - h u ty l  c h lo r id e  in  so lv e n t n .
E q u a tio n  2.13 th e n  becomes :
A g^  - A g^  » A g° ^ T )  *  HTln K^(hx) /  K^(HX) 2 .15
Knowing th e  v a lu e s  o f AG5^ in  methanol and m ethano l-w ater m ix tu re s , and 
s im i la r ly  K^(RX) , th ey  c a lc u la te d  th e  ground and t r a n s i t i o n  s t a t e  c o n tr ib ­
u tio n s  to  th e  a c t iv a t io n  £ ree  energy o f t r a n s f e r .  The r e s u l t s  a re  shown 
in  T able 2.5«
TABLE 2 .5
DISSECTION OP G^ f „ VALUES INTO GROUND STATE—------------------------ 1 g— ........ -  ----- —------------
AMD TRANSITION STATE CONTRIBUTIONS
Solvent
%MeOH —1k ca l.m o le
A g^ rx)
k  ca l.m o le  ^
- 1
k  ca lim o le  *
100 0 0 0
90.17 - 1.08 ' 0 .3 9 -0 .6 9
80.09 -2 .01 0 .80 -1 .21
70.40 -2 .8 0 1.21 -1 .5 9
H2° -6 .2 5 4 .09 - 2.16
The s e p a ra t io n  o f A  v a lu e s  in to  th e  ground and t r a n s i t i o no f
s t a t e  c o n tr ib u tio n s  makes i t  c le a r  th a t  p ro g re s s iv e  a d d itio n  o f w a ter to  
methanol g iv e s  r i s e  to  im portan t c o n tr ib u tio n s  to  bo thA G ^(^) and/lG °(gX )
te rm s .
For example as shown in  T able 2 .5  fo r  th e  so lv en t change from
m ethanol to  w a ter th e  ground s t a t e  c o n tr ib u tio n  i s  tw ice  as la rg e  as th a t  o f
th e  t r a n s i t i o n  s t a t e .
In  b in a ry  so lv en t m ix tu res  theA G °(T ) andAG°(RX) te rm s , a s  w ells s
as th e  r e l a t e d  e n th a lp y  and en tro p y  te rm s, a re  de term ined  by a more compl­
ic a te d  s e t  o f in te r a c t io n s  th a n  in  th e  case  o f pure s o lv e n ts .  In  b in a ry  
so lv e n t m ix tu res  th e re  a re  in v o lv ed  p o ss ib le  in te r a c t io n s  w ith  two k in d s  o f
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so lv en t m olecules on th e  p a r t  o f  b o th  ground s t a t e  and t r a n s i t i o n  s ta te *
S o lv e n t-so lv e n t in te r a c t io n s  a re  a ls o  more co m plica ted .
„(48)F ig u re  2 .7  shows th e  g raphs o f th e  a c t iv a t io n  param eters  v s .
mole f r a c t io n  o f w a ter f o r  th e  s o lv o ly s is  o f t - b u ty l  c h lo r id e  in  e th a n o l-
o
w ater m ix tu res  a t*  25 C. Comparison w ith  F ig u re  2 .6  (page58) shows an
even more rem arkable v a r ia t io n  in  th e  en th a lp y  and en tro p y  cu rv es  in
F ig u re  2 .7  e s p e c ia l ly  in  th e  re g io n  o f  O.85  mole f r a c t io n  o f w a te r .
(57 58)A rn e tt e t  a l  1 have d is s e c te d  th e  en th a lp y  c u rv e , e s p e c ia l ly
in  th e  re g io n  o f O.85  mole f r a c t io n  o f  w a te r , in to  th e  c o n tr ib u t io n s  o f  th e  
ground s t a t e  and th e  t r a n s i t i o n  s t a t e .  An eq u a tio n  can be d e fin e d  from 
t r a n s i t i o n  s t a t e  th e o ry  as to  th e  way th e  a c t iv a t io n  en th a lp y  i s  composed o.t 
ground s t a t e  and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s  s
= A h ^ t )  -A h °^ b x) 2.16
The d is s e c t io n  o f th e  so lv en t e f f e c t  on th e  a c t iv a t io n  en th a lp y  
(57)i s  g iven  in  F ig u re  2 .8 . '  Through th e  re g io n  o f so lv en t com position
where th e  sharp  tro u g h  in  th e  e n th a lp y  o f a c t iv a t io n  i s  found th e re  i s  
e s s e n t i a l l y  no change in  th e  h ea t o f s o lu tio n  o f  th e  t - b u ty l  c h lo r id e  t r a n ­
s i t i o n  s t a t e .  T h e re fo re , a l l  th e  v a r ia t io n  in  th e  h e a t o f a c t iv a t io n  f o r  
t h i s  case  was produced by th e  so lv en t e f f e c t  on th e  ground s t a t e .
The com parison o f  th e  so lv en t e f f e c t  on th e  t r a n s i t i o n  s t a t e  w ith
(57}th a t  o f some a p p ro p r ia te  model compounds i s  shown in  F ig u re  2.9» Here
th e  so lv e n t e f f e c t  on th e  t r a n s i t i o n  s t a t e ,  which might be c o n sid e red  as 
trim eth y lca rb o n iu m  c h lo r id e , i s  compared w ith  trim eth y lsu lp h o n iu m  c h lo r id e , 
tetramethylam monium c h lo r id e  and what might be th e  model f o r  a t i g h t  io n -  
p a i r ,  trim eth y lam in e  o x id e . Up th rough th e  p o in t o f th e  endotherm ic ... 
maximum between 0 .8  and 0 .9  mole f r a c t io n  o f w a te r , th e  'tr im e th y lca rb o n iu m
k ca l.m o le  f o r  -T A S;
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c h lo r id e 1 seems to  be fo llo w in g  th e  b eh av iou r o f th e  two model s a l t s  cons­
id e ra b ly  b e t t e r  th a n  i t  fo llo w s th a t  o f th e  amine oxideo
A rn e tt e t  a l .   ^ a lso  compared th e  e n th a lp y  o f so lu tio n -co m p - 
o s i t io n  cu rves fo r  v a r io u s  n o n -e le c tr o ly te s  w ith  th a t  o f t - b u ty l  c h lo r id e  
in  e th a n o l-w a te r  m ix tu re s . The r e s u l t s  a re  shown in  F ig u re  2 .1 0 . I t  
should  be no ted  h e re  th a t  a l l  A rn e t t ’ s v a lu e s  o f / 4 h°^(R X )  a re  r e l a t i v e  to  
s o lu t io n  in  w a te r , no t to  e th a n o l . I t  can be seen  th a t  a l l  o f them show 
e s s e n t i a l ly  th e  same behav iou r -  a la rg e  endotherm ic in c re a s e  which reach es  
a " maximum ( r e la t iv e  to  i t s  v a lu e  in  w ater) in  e x a c tly  th e  com position
A 4re g io n  where th e  A  Hr  minimum occurred  fo r  th e  t  b u ty l c h lo r id e  s o lv o ly s is  
r e a c t io n .
As th e  maximum f o r  th e  so lv en t e f f e c t  on th e  ground s t a t e  i s  
l a r g e r  and more endotherm ic th a n  th a t  of th e  t r a n s i t i o n  s t a t e ,  th e  r e s u l t  
i s  a minimum in  th e  en th a lp y  of a c t iv a t io n  a t  e x a c tly  th e  com position  where 
bo th  th e  ground s t a t e  and t r a n s i t i o n  s t a t e  a re  going  th rough  endotherm ic 
maxima.
As a m ech an is tic  to o l ,  A rn e t t ’s method c o rro b o ra te s  th e  accep­
te d  n o tio n s  o f th e  t r a n s i t i o n  s t a t e  fo r  t h i s  r e a c t io n ,  and shows th a t  
th e re  i s  c lo se  correspondence between th e  response  o f  rea so n a b le  model 
compounds to  th e  same so lv en t change (F igure  2 .9)«
Having determ ined  th e  ground and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s  
to  th e  en th a lp y  o f a c t iv a t io n ,  and to  th e  f r e e  energy o f  a c t iv a t io n ,  i t  i s  
th e n  p o s s ib le  to  determ ine th e se  c o n tr ib u tio n s  to  th e  en tro p y  o f  a c t iv a t io n .  
Such a com plete thermodynamic d e s c r ip t io n  has no t y e t  been re p o r te d  fo r  
any b im o lecu la r r e a c t io n ,  probab ly  owing to  th e  d i f f i c u l t y  in  o b ta in in g  accu r­
a te ' d a ta  on th e  f r e e  energy o f t r a n s f e r  o f th e  ground s t a t e .  Even u n i-  
m o lecu lar r e a c t io n s  have been bu t r a r e ly  s tu d ie d § W in ste in  and F a irb e rg )^  '
7 .0
Ali(G) 
s
kcalJL16.0 
mole”*
5.0 
4 . 0
3.0
2 . 0
1 . 0  
0
- 1 . 0  
-2.0 U
-3.0
-4.0
-BuCl
n-BuCl
P ^ o
' \  A i-PrBr
h
f  n ^ c r f ' v 'C C l
—------ A——"“A'—-
EtOH
0 .6  0 .7  0 .8  0 .9  1 .0  ^
Figure 2.‘10. .-
AH(C) for various non-electrolytes (0 
s
in aqueous ethanol solutions.
u sin g  th e  d a ta  o f O lson e t  a l?  1 have d is s e c te d  app rox im ate ly  a l l  th re e  
a c t iv a t io n  param eters? in to  t h e i r  ground s t a t e  and t r a n s i t i o n  s t a t e  con­
t r ib u t io n s ?  f o r  t r a n s f e r  from m ethanol to  70 . 5cb  m ethanol? in  th e  s o lv o l­
y s i s  o f t - b u ty l  c h lo r id e . The r e s u l t s  a re  shown in  T able  2 .6 .
TABLE 2.6
BIS SECT I  Oil OF ACTIVATION PARAMETERS OF TRANSFER FOR THE SOLVOLYSIS 
OF t-BUTYLOHLORIBE IiTTO G.ROIMD AM) TRANSITION STATE CONTRIBUTIONS
a <4 ?  A G 1&> A .Hi a  AHU T) AsU RX
i  MeOH.
100 0 0  0 0 0 0 0 0 0  
70 .5  - 2 .8  - 1.59  1.21 - 3 .0  1.2  + 4 .2  - 1 + 9  +10
The r e s u l t s  shown in  T able  2 .6  a re  n e c e s s a r i ly  approxim ate as
th e  d a ta  a v a ila b le  ( e s p e c ia l ly  th a t  on A  H°(RX))was n o t s u f f i c i e n t ly  a c c -s
(59}u ra te  fo r  t h i s  ty p e  o f d is s e c t io n .  However? A rn e tt e t  a l .?  u s in g  
c a lo r im e t r ic a l ly  determ ined  h e a ts  o f so lu tio n ?  have c a r r ie d  out a com plete 
d is s e c t io n  o f  a l l  th r e e  a c t iv a t io n  param eters  f o r  t r a n s f e r  from e th an o l to  
aqueous e th an o l in  th e  s o lv o ly s is  o f  t - b u ty l  c h lo r id e . These r e s u l t s  
a re  d iscu ssed  l a t e r  (page ^ 3 3 ).
T h is  ty p e  o f approach opens up g re a t  p o s s i b i l i t i e s  fo r  g a in in g  
g r e a te r  u n d e rs tan d in g  o f th e  n a tu re  o f t r a n s i t i o n  s t a t e s  and th e  e f f e c t  o f 
th e  so lv en t on th e  course  o f r e a c t io n s .
DISCUSSION
S E C T I O N  I I I  
THE REACTION BETWEEN TETRAETHYLTIN AND MERCURIC CHLORIDE
A. Scope o f th i3  Work 
( 25)P re v io u s ly  S pald ing  7 has s tu d ie d  th e  k in e t ic s  and mechanism
o f th e  r e a c t io n  "between v a rio u s  t e t r a a l k y l t i n s  and m ercuric  io d id e  in
so lv en t 9&/> m ethanol ; 4% w a te r . In  th e  p re se n t work, i t  was decided
to  a ttem p t a k in e t ic  s tu d y  o f th e  mechanism o f c leavage o f sim ple a lk y l
groups from t i n  by m ercuric  s a l t s  in  v a r io u s  p o la r  s o lv e n ts .  M ercuric
c h lo r id e  was chosen as th e  e l 'e c trp p h ile  in  tho  hope th a t  th e  fo rm atio n
c o n s ta n t o f HgCl^  ^ was sm all enough to  i n h ib i t  a secondary e q u ilib r iu m
( 25)r e a c t io n  o f th e  type observed by S p a ld in g , ' and i n  so do ing , s im p lify ­
in g  th e  k in e t ic  e q u a tio n  and a llo w in g  a more a c c u ra te  d e te rm in a tio n  o f 
th e  r a t e  c o n s ta n ts  and a s s o c ia te d  a c t iv a t io n  p a ram e te rs . T e t r a a lk y l t in s  
were chosen as s u i ta b le  s u b s t r a te s .
The re a c t io n s  were to  be s tu d ie d  k in e t i c a l l y  in  v a r io u s  m ethanol-  
w a ter m ix tu re s . Prom th e  in fo rm a tio n  o b ta in ed  as to  s ( i )  th e  e f f e c t s  
o f  v a r io u s  a lk y l groups on th e  r a t e  o f  r e a c t io n ,  ( i i )  th e  a c t iv a t io n  p a r­
am eters o f  each r e a c t io n  determ ined  in  v a rio u s  m ethanol-w ater m ix tu re s , 
i t  was hoped to  deduce th e  mechanism o f th e  r e a c t io n s ,  and to  o b ta in  more 
q u a n t i ta t iv e  in fo rm a tio n  as to  th e  n a tu re  o f th e  t r a n s i t i o n  s t a t e ,  by 
d is s e c t io n  o f th e  a c t iv a t io n  p a ram ete rs , f o r  t r a n s f e r  o f th e  r e a c t io n  from 
m ethanol to  v a r io u s  m ethanol-w ater m ix tu res .
One o f th e  m ix tu res  chosen was so lv en t % %  m ethanol-4 ^  w a te r , 
in  o rd e r to  p rov ide  a d i r e c t  com parison w ith  th e  work of S p a ld in g .
B.. P rev io u s  Work
The re a c t io n s  between t e t r a a l k y l t i n s  (R^Sn) (R) « Me, o r E t ,  and
m ercuric  c h lo r id e  were f i r s t  s tu d ie d  w ith  re g a rd  to  t h e i r  use in  p re p a r-  
( 11)a t iv e  c h e m is try . '  7 The compounds were allow ed to  r e a c t  in  r e f lu x in g
(n)e th an o l o r ch loroform  fo r  3 hours* The m ajor p ro d u c ts  w e re ' 7 th e  
t r i a l k y l t i n  h a l id e  and a l  kyl mere u ricL hal'i'de; some d ia lk y ltin <  d i h a l i d e  was 
a lso  form ed.
( 2 ^ )As m entioned in  S e c tio n  I  (page3^- ) Spalding^ 7 has i n v e s t i ­
g a ted  th e  r e a c t io n  o f  t e t r a a l k y l t i n s  w ith  m ercuric  io d id e  in  so lv e n t 9 
m ethanol s 4/£ w a ter and has shown th a t  a  h im o lecu la r r e a c t io n ,  p roceed ing  
v ia  an ’open1 t r a n s i t i o n  s t a t e ,  g iv e s  as th e  so le  p ro d u c ts , t r i a l k y l t i n  
io d id e  and a lk y lm ercu ric  io d id e .
G. I d e n t i f i c a t io n  o f th e  R eac tio n  between T e t r a e th y l t in  
and M ercuric C h lo rid e  in  96% Methanol
The r e a c t io n  "between t e t r a e t h y l t i n  and m ercuric  c h lo r id e  in  9 6 fo  
m ethanol a t  40°C was id e n t i f i e d  "by g a s - l iq u id  chrom atography (G .L .C .) and 
"by. th in - l a y e r  chrom atography (T .L .C .) . A p re lim in a ry  in v e s t ig a t io n  
showed th a t  th e  only  p ro d u c ts  o b ta in ed  were t r i e t h y l t i n ^ h l o r i d e a n d  e th y l -  
m ercuric  c h lo r id e  (by G .L .C ., T .L .C ., and q u a n t i ta t iv e  p r e c ip i t a t io n  of 
EtHgCl as th e  co rresp o n d in g  io d id e ) • At no tim e were compounds o f  th e
type  R^SnCl^, RSnCl^, R^Sn^, B^Hg o r Hg observed .
The main re a c t io n  between t e t r a e t h y l t i n  and m ercuric  c h lo r id e  
was th e re fo re  env isaged  as b e in g  s
Et^Sn + HgClg ----- ^  Et^SnCl + EtHgCl 3.1
There was a p o s s i b i l i t y  t h a t  t h i s  r e a c t io n  might be fo llow ed  by 
a r a p id ,  r e v e r s ib le  r e a c t io n  o f th e  ty p e  %
E t.S nC l + HgCl. — E t . S n ^  + 3. 2O ^ V ■ l,u J  u
I t  was no t p o s s ib le  to  observe any fo rm atio n  o f HgCl^*^ by
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sp ec tro p h o to m etric  means owing to  th e  f a c t  th a t  th e  c a lc u la te d  v a lu e  of
/ \ / 7on
th e  maximum of a b so rp tio n  o f HgCl^ '  occurs around th e  re g io n  230 '
where t e t r a e t h y l t i n  and th e  p ro d u c ts  o f th e  r e a c t io n  were a lso  found to
have s tro n g  a b so rp tio n s . I f  r e a c t io n  3 .2  were o c cu rrin g  th en  t h i s  
(25)would appear as a c u rv a tu re  in  th e  graph o f k ^ t v s .  t  c a lc u la te d  from 
th e  seco n d -o rd er r a t e  eq u a tio n  ap p lie d  to  eq u a tio n  3.1 o n ly . At no 
tim e was any c u rv a tu re  observed and i t  was th u s  assumed th a t  th e  only  
r e a c t io n  b e in g  fo llow ed  was r e a c t io n  3.1*
D. The R ate E quation  and i t s  S o lu tio n
( i )  The r a t e  e q u a tio n  and i t s  s o lu t io n  w i l l  be d iscu ssed  g e n e ra l ly  fo r  
a l l  th e  t e t r a a l k y l t i n s  employed.
The r e a c t io n  between t e t r a a l k y l t i n s  and m ercuric  c h lo r id e  was 
ex p ressed  as s
k2R^Sn + HgCl2 -----= -»  R^SnCl + RHgCl 3*3
a - x b - x  x xo o
where a  and b were th e  i n i t i a l  c o n c e n tra tio n s  o f  th e  t e t r a a l k -  o 0
y l t i n  and m ercuric  c h lo r id e  r e s p e c t iv e ly ,  x was th e  c o n c e n tra tio n  o f  p ro ­
duct a f t e r  tim e , t ,  k^ was th e  r a t e  c o n sta n t f o r  th e  i r r e v e r s i b l e ,  second- 
o rd e r , b im o lecu la r r e a c t io n  3«3*
The o v e ra l l  r a t e  e q u a tio n  was th e re fo re  :
dx _ k 2 ^ao ~ ~ 3*4
d t
E quation  3*4 bas been i n t e g r a t e d ^ ^  and th e  in te g ra n d  i s  o f th e
form
k „ t * 1' ' • ,  b (a  -  x) n2 ----------- r- In  o x o 7 3 .5
ao " * °  - 0 ( v ^
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R e su lts  from e q u a tio n  3*5 were worked out w ith  th e  a id  o f  a F e r r a n t i  
S i r iu s  com puter. The p r in t -o u t  o f th e  computer programme used i s  shown 
on p£ge*l82.
( i i )  A lthough a secondary e q u ilib r iu m  r e a c t io n  "between R^SnCl and Hg01o
was u n l ik e ly , i t  was decided  to  a llow  fo r  th e  f a c t  th a t  i t  might a r i s e .
(25)and a r e a c t io n  scheme s im ila r  to  th a t  o f S p a ld in g ' ■ was s e t  out th u s  s
k2E Sn + HgCl2 -----=-»■ BjSnCl + RHgCl 3 .6
a Q-  x  T>o-  x -  y  x -  y  x
R,SnCl + Hg01o — E, Sn^+  ^ + H g C lH  3 .73 2 ^— — 3 3
x -  y  b Q-  x -  y  y y
where a Q, bQ, x and k^ have th e  same meaning as  above, 
y  was th e  c o n c e n tra tio n  o f  th e  sp e c ie s  H g C l^  a f t e r  tim e , t .
$  was th e  e q u ilib r iu m  c o n s ta n t f o r  r e a c t io n  3*7 and a t  temp­
e r a tu r e ,  T and
T 2
K = y _________ 3 .8
(x -  y ) ( b Q-  x -  y)
The o v e ra l l  r a t e  eq u a tio n  was s
—  = k2^ao" x^ bo“  x  "  y ) s 3 ,3d t
/
where y  = KTbQ - ^  (IC7 ) ^  -  1)0>Q-  ac)
2(KT-  1)
3.10
E quation  3*9 was so lved  by num erical a n a ly s is  ( th e  s o lu t io n  o f
e q u a tio n  3*9 and th e  a s s o c ia te d  com puter programme a re  due to  Mr.M.Fox o f
th e  M athem atics Department o f th e  U n iv e rs ity  o f S u r re y ) .
E quation  3»9 was r e w r i t te n  in  th e  form , 
f t  r x , y
k 2 d t = 
d o  j
(a Q-  x )~ 1(bo-  x -  y ) “ 1 dx 3.11
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where y  was expressed  in  term s o f e q u a tio n  3 .1 0 .
The num erical in te g r a t io n  o f e q u a tio n  3.11 was c a r r ie d  out u s in g  th e
E u ler-M ac lau rin  th e o r e m ^ ^  in  a r t i f i c i a l  s te p s  o f 10 ^ to  10 ^M, ( i . e .
-3  -210 to  10 tim es th e  a c tu a l change in  x betw een su cc e ss iv e  k in e t ic  
p o in ts ) .
( i i i )  The e x p e rim en ta lly  o b ta in ed  d a ta  was used in  th e  fo llo w in g  way fo r  
th e  s o lu t io n s  o f eq u a tio n s  3*5 and 3 .1 1 .
E quation  8 .5  (page176 ) g iv e s  th e  t o t a l  c o n c e n tra tio n  o f in o r ­
g an ic  mercury rem ain ing  a t  tim e , t ,  d u rin g  a r e a c t io n .  T h is  co rresponds 
to  (bQ-  x) o f e q u a tio n  3*5 and to  (b -  x -  y) + y  i . e .  (b -  x ) , o f 
e q u a tio n  3*11. The v a lu e s  o f aQ and b^ were c a lc u la te d  from e q u a tio n  
10.1 (page191 ) .
Knowledge o f th e  v a lu es  o f a Q, bQ, x and t  allow ed a com plete 
s o lu t io n  o f e q u a tio n  3.5*
S o lu tio n  o f eq u a tio n  3*11 re q u ire d  a knowledge o f K^. T h is  
v a lu e  was chosen such th a t  a p lo t  o f k ^ t v s . t  from th e  s o lu t io n  o f
e q u a tio n  3*11 gave a s t r a ig h t  l i n e .  Knowing th e  v a lu e s  o f  b Q, x and
Tin s e r t in g  a v a lu e  o f K , y  was c a lc u la te d  from eq u a tio n  3*10, and th e  
v a lu e s  o f k ^ t were c a lc u la te d  as d e sc rib ed  in  p a r t  ( i i )  above. (The 
p r in t - o u t  o f th e  com puter programme used to  so lv e  eq u a tio n  3*11 i s  re p ­
roduced on page ^ 3 )  , I t  i s  no ted  th a t  s u b s t i t u t in g  a v a lu e  o f  K^= 0 
in  e q u a tio n  3 .1 0 , red u ces  eq u a tio n  3*9 "to "the same as e q u a tio n  3*4.
T h is  was checked by r e c a lc u la t in g  d a ta  so lved  fo r  e q u a tio n  3»5> u s in g  th e
Tprogramme fo r  e q u a tio n  3*11 and in s e r t in g  th e  v a lu e  K = 0 . In  a l l  
c a s e s ,  e x a c tly  th e  same r e s u l t s  were o b ta in ed .
E. C o n stru c tio n  o f th e  C a l ib ra t io n  Curve 
The c o n s tru c tio n  o f th e  c a l i b r a t io n  curve depended on th e  f a c t
th a t  when an excess  o f io d id e  io n  was added to  any m ercuric  s a l t ,  HgX^?
(X = I ,  B r, C l, OAc), th e n  a l l  th e  m e rc u ry (ll)  sp e c ie s  p re se n t were con­
v e r te d  to  th e  Hgt^  ^ an ion . The Hgl^  ^ an ion  h as a maximum of ab so rb - 
.ance in  th e  u l t r a - v i o l e t  re g io n  a t  301.5 iy*.
The s t a b i l i t y  o f th e  Hgl^  ^ an ion  over an ions such as H g l^   ^
and Hgg 1^  ^ has been in v e s t ig a te d  by Beacon and ¥ e s t . ^ ^  They in v e s t ­
ig a te d  th e  s p e c tra  o f  th e  complexes QHgl^, Q^Hgl^, QHg^I^ (Q = M e ^ P ^ ,  
P y H ^  ) in  e th an o l and methanol where th e y  observed th a t  th e  spectrum  of 
each complex was due to  th e  u n d is so c ia te d  tr i io d o m e rc u ra te  io n .
Our r e s u l t s  confirm ed th e se  f in d in g s  (T ab les 7*”1j 7*2 pages ^ 9
170 ) ,  i t  hav ing  been observed th a t  5 x 10 s o lu t io n s  o f  Hgl^ in  th e
-2  -3p resence  o f po tassium  io d id e  a t  c o n c e n tra tio n s  ra n g in g  from 10 to  10 M
had th e  same absorbance a t  301*5 njM* A lso , th a t  s o lu t io n s  o f s a l t s
HgXg (X s= I ,  B r, Cl >0Ac) o f c o n c e n tra tio n s  from 10 ^ to  10 i n  th e
-3p resence  o f 2 .5  x  1.0 M potassium  io d id e , gave r i s e  to  th e  same s t r a ig h t  
l i n e ,  when absorbance was p lo t te d  a g a in s t [HgX^l? o f s lo p e  1.24 x 10^.
T h is  va lu e  f o r  th e  e x t in c t io n  c o e f f ic ie n t  o f th e  tr i io d o m e rc u ra te  io n  
compares w e ll w ith  S p a ld in g 1 s ^ ^  va lue  (1 *23 x  10^ in  96$ m ethanol) and 
w ith  Beacon and W est’ s ^ ^  v a lu e  (1 .26  x 10^ in  m ethano l).
The cou rse  o f r e a c t io n s  was fo llow ed by comparing th e  absorbances 
o f r e a c t io n  m ix tu re s , quenched in  m ethanolic  KI s o lu t io n ,  w ith  th e  ab so r­
bances of s im u la ted  re a c t io n  m ix tu re s , in  m ethanolic  K I, c o n ta in in g  a known 
c o n c e n tra tio n  o f m e rc u ry (ll)  s a l t .  The absorbances measured a t  301.5 m 
and 315 m were th o se  of th e  tr i io d o m e rc u ra te  io n .
However, i t  was no t p o s s ib le  to  use th e  sim ple e x t in c t io n  co­
e f f i c i e n t  o f th e  Hgl^  ^ an ion  to  determ ine th e  c o n c e n tra tio n  o f m ercury 
s a l t .  As was shown in  S e c tio n  8 A» 'tde g ra p h s  o f absorbance v s .
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c o n c e n tra tio n  o f m ercuric  c h lo r id e  were t r e a te d  as s
D = m x QlgClgl + o ,
"because th e  l i n e s ,  a lth o u g h  l i n e a r ,  d id  no t p ass  th ro u g h  th e  o r ig in ,  b u t 
had a sm all p o s i t iv e  in te r c e p t .  T h is  in te r c e p t  corresponded to  th e  
absorbance o f a 1 .0  x 10 s o lu t io n  o f e th y lm ercu ric  c h lo r id e  in  th e  
p resen ce  o f 2 .5  a: 10 po tassium  io d id e  ( page 173)*  I t  seems l i k e ly  
th a t  th e  a b so rp tio n  was due to  sp e c ie s  of th e  type  EtHgI^n ^  , such as 
E t H g l ^ .
Evidence f o r  sp ec ie s  such as E t H g l ^  i s  g iven  by B a rb ie r i  and 
B je rru m ^^^  who have measured th e  e q u ilib r iu m  co n sta n t f o r  th e  r e a c t io n  ;
S tH g li" )  — — * EtHgl + 1 ^^  ^  ^  —
K, a t  25°C, hav ing  th e  v a lu e  0 .215  in  aqueous s o lu t io n .
The R eac tio n  between T e t r a e th y l t in  and 
M ercuric C h lo ride  in  96$ Methanol a t  40°C
The r e s u l t s  o f th e  k in e t ic  s tudy  o f th e  r e a c t io n  between t e t -
r a e th y l t i n  and m ercuric  c h lo r id e  in  96$ m ethanol a t  40°C a re  g iven  in
Table 10.3 (page197 ) .  I t  i s  concluded th a t  th e  r e a c t io n  was second-
—2 —2o rd e r , f i r s t - o r d e r  in  t e t r a e t h y l t i n  (from  1 .0  x 10 M to  4»0 x 10 M)
-*3 “"2and f i r s t - o r d e r  in  m ercuric  c h lo r id e  (from 1 . 0 'x  10 M to  1 .0  x 10~ M).
I t  was found th a t  th e  a d d it io n  o f q u in o l, as a f r e e  r a d ic a l  i n h ib i to r ,
had no s ig n i f ic a n t  e f f e c t  on th e  seco n d -o rd er r a t e  c o n s ta n t. T h is  i s
in te r p r e te d  as in d ic a t in g  th a t  th e  r e a c t io n  was n o t p roceed ing  by a f r e e -
(25}r a d ic a l  p ro c e ss , th e  same c o n c lu s io n  as was reached  by S p a ld in g . '  7
The r e p r o d u c ib i l i ty  o f th e  k in e t ic  method was te s t e d  by c a r ry in g  
out s e v e ra l r e a c t io n s  under id e n t ic a l  c o n d itio n s , a t  th e  same i n i t i a l  
c o n c e n tra tio n s  o f r e a c ta n t s .  The r e s u l t s  a re  shown in  T able  10 .4
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(page 1 9 6 ) . The v a lu es  o f o b ta in ed  a re  seen to  be good to  0 .3 5 %•
T his would in d ic a te  th a t  th e  accuracy  o f  experim ents c a r r ie d  out by t h i s  
method u sin g  th e  same c o n d itio n s  i . e .  th e  same i n i t i a l  c o n ce n tra tio n s?  
and th e  same r e a c t io n  sample volumes? a re  good to  a t  l e a s t  w ith in  1 % .
G. The E f fe c t  of Added I n e r t  S a l ts  on R ates  o f R eac tio n
The a d d it io n  o f l i th iu m  p e rc h lo ra te  to  r e a c t io n s  between t e t r a ­
e th y l t i n  and m ercuric  c h lo r id e  in  96^  methanol a t  40°C produced an in c ­
re a se  in  r a t e  in  a l l  th e  r e a c t io n s  s tu d ie d  (Table 10.5  page199 )•
1 1 Graphs o f  k  / k Q v s . LiClO^ and l o g ^ k  / k Q v s . LiClO^ a re  shown in
F igu re  3 .1 , where k^ i s  th e  seco n d -o rd er r a t e  c o n s ta n t in  r e a c t io n s  w ith
added s a l t  and k  i s  th e  r a t e  c o n stan t w ithou t s a l t .  These r e s u l t s  a re  0
in  agreement w ith  th e  q u a l i t a t iv e  p re d ic t io n  o f th e  H ughes-Ingold th e o ry  
(P  1 ^
t h a t '  '  th e  r a t e  o f r e a c t io n  p roceed ing  by a t r a n s i t i o n  s t a t e  which i s
more p o la r  th a n  th e  i n i t i a l  s t a t e s  w i l l  in c re a se  w ith  in c re a s in g  p o la r i ty
o f th e  so lv e n t medium.
(25)S p a ld in g ' '  suggested  t h a t ,  a long  w ith  th e  d i r e c t  e l e c t r i c a l  
(ion -a tm osphere) in te r a c t io n  (which i s  a l l  th a t  i s  accounted f o r  in  th e  
H ughes-Ingold th e o r y ) , an in d i r e c t  s a l t  induced medium e f f e c t  was- o f 
c o n s id e ra b le  im portance . As was m entioned in  th e  in tro d u c t io n  (page 3 7 ) s 
S p a ld in g ' '  showed t h a t ,  f o r  a g iven  s a l t  s o lu t io n  b o th  th e  i n i t i a l  and 
t r a n s i t i o n  s t a t e s  were a f fe c te d  by th e  a d d itio n  o f th e  s a l t ,  and, gen er­
a l l y ,  th e  d e s t a b i l i s a t i o n  ( in c re a se  in  a c t i v i t y  c o e f f ic ie n t  due to  s a l t in g  
o u t) o f th e  i n i t i a l  s t a t e  was o f  more im portance in  re g a rd  to  th e  e f f e c t  
on r a t e  th a n  th e  s l i g h t  d e s t a b i l i s a t io n  o f th e  t r a n s i t i o n  s t a t e .
S p a ld in g ’ s r e s u l t  were fo r  th e  r e a c t io n  o f t e t r a e t h y l t i n
w ith  m ercuric  io d id e  in  9 6 %  m ethanol, when he o b ta in ed  th e  a c t i v i t y  co­
e f f i c i e n t  o f . th e  t r a n s i t i o n  s t a t e , f r o m  th e  e q u a tio n  s
X ' X K U i ' t J  2  . ' I .
I
1 1 
Graphs of vs.' <(LiClO^ and log1Q| vs. •jLiCloJ
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liGlu
k 1 = k o . ^ S t4Sn ^ gI 2 3 . 12 .
The v a lu e s  o f ^  have been c a lc u la te d  f o r  th e  r e a c t io n  o f
t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e  from th e  r e s u l t s  in  T ahle  10.5°
B t SB HgOl
The v a lu e s  o f o and o have been in te r p o la te d  from S p a ld in g ’ s
HgOl, Hgl
v a lu e s , i t  hav ing  been assumed th a t  o = 0  , as  i t  i s  l i k e l y  th a t
th e  v a lu e s  w i l l  be v e ry  s im ila r .
The r e s u l t s  a re  shown in  T able  3 .1 .
TABLE 3.1
KINETIC SALT EFFECTS AED ACTIVITY COEFFICIENTS FOR 
THE REACTION OP TETRAETHYLTIK WITH MERCURIC CHLORIDE
f l i C l O ^
Et .Sn
X 4
CVI
K
k 1/ k  ' 0 [ L iC lO ^ 26^ /  HgI2
1 . 0 1 1 » 1 ’ 1 1 0 1
2 . 0.020 1.02 1.02 1 .041 1.00 0.980 0.016 0 .995
3. 0.038 1.04 1.04 1.079 1.00 0.964 - -
4 . 0 .058 1.06 1.06 1.147 0.98 0.924 0.059 0 .955
5- 0.077 1.08 1.08 1.216 0.96 0.888 0.081 0 .956
6. 0 .134 1.13 1.13 1.278 1.00 0.884 -
7 . 0 .175 1.17 1.17 1.420 0 .96 0.824 0.161 0 .885
8 . 0 .222 1.22 1.22 1.491 1.00 0.818 0 .262 0 .864
9. 0.431 1.48 1.49 1.747 0 .98 0.847 0 .392 0 .899
The v a lu e s  o f th e  a c t i v i t y  c o e f f ic ie n t  o f th e  t r a n s i t i o n  s t a t e  
rem ain approx im ate ly  c o n s ta n t up to  about 0.4M li th iu m  p e rc h lo ra te ,  th e  
same s o r t  o f e f f e c t  * as was observed by S pa ld ing , who p o s tu la te d  t h a t  
th e  b eh av iou r o f  th e  t r a n s i t i o n  s t a t e  was in te rm e d ia te  between th a t  o f th e  
n o n -e le c t r o ly te s  s tu d ie d  (Hgl^ and Et^Sn) and th a t  expected  fo r  e l e c t r o ­
l y t e s .
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A lthough th e  v a lu es  o f a re  only approxim ate , th e  same
q u a l i t a t iv e  co n c lu s io n  s t i l l  a p p l ie s ,  and we can conclude th a t  th e  t r a n s ­
i t i o n  s t a t e  must he p o la r  w ith  some s e p a ra tio n  o f ch arg e , and th a t  th e  
r e a c t io n  between t e t r a e t h y l t i n  and m ercuric  c h lo r id e  in  9&f° m ethanol 
p robab ly  p roceeds by th e  3^,2 mechanism v ia  an open t r a n s i t i o n  s t a t e .
A more r ig o ro u s  com parison o f k in e t ic  s a l t  e f f e c t s  o f th e  r e ­
a c tio n s  o f t e t r a e t h y l t i n  w ith  m ercuric  c h lo rid e  and io d id e  i s  p rov ided  by
com parison o f  th e  te rm s X ^ / j^ g^12 and o f e q u a tio n  3 .1 2 ,
/ E t Sn
& /X HgX 2 = ^  3 .1 2 (a )
k 1
The v a lu e s  o f /  ^ g l 2  (X ■ C l, I )  a re  g iv en  in  T able  3*1•
The v a lu e s  o b ta in ed  f o r  th e  r e a c t io n  w ith  m ercuric  c h lo r id e  a re  seen  to
/ 25^
agree  re a so n ab ly  w e ll w ith  S p a ld in g ’ s '  '  v a lu es  fo r  th e  r e a c t io n s  w ith  
th e  io d id e , w ith  th e  v a lu es  r a th e r  sm a lle r  fo r  th e  c h lo r id e  th a n  th e  
io d id e .
I t  would appear th a t  th e  same q u a l i t a t iv e  assum ptions as  to  th e
/  p £ \
n a tu re  o f th e  t r a n s i t i o n  s t a t e  as th o se  o f S p a ld in g ' '  can be made, 
th a t  th e  t r a n s i t i o n  s t a t e  must be p o la r  w ith  some charge s e p a ra t io n , i . e .  
o f th e  ’open’ , 3^2 ty p e .
The e f f e c t  o f a l t e r in g  th e  c a t io n  s iz e  o f th e  added s a l t  was 
in v e s t ig a te d  u sin g  tetra-n-buty lam m onium  p e rc h lo ra te .  The r e s u l t s  in  
T able 10.6 (page 199 ) show th a t  th e  m agnitude o f th e  s a l t  e f f e c t  on th e  
seco n d -o rd e r r a t e  c o n s ta n t does n o t seem to  depend on th e  c a t io n  size§  i . e .  
th a t  th e  a c t i v i t y  c o e f f ic ie n t s  o f th e  i n i t i a l  s t a t e  a re  a f fe c te d  to  th e  
same e x te n t by l i th iu m  p e rc h lo ra te  and tetra-n-buty lam m onium  p e rc h lo ra te .
The e f f e c t  o f added c h lo r id e  io n  on th e  r a t e  o f  r e a c t io n  was
8o
in v e s t ig a te d ,  up to  0 .0  5M of added sodium c h lo r id e ,  th e  r e s u l t s  b e in g
shown in  T able  10.7 (p ag e200 )•  The r e s u l t s  show th a t  H g C l^  i s  no t
th e  e f f e c t iv e  e le c t r o p h i le  in  th e  r e a c t io n ,  and th a t  no n u c le o p h ilic
a s s is ta n c e  to  th e  r e a c t io n  i s  g iv en  by HgCl^*"^ ♦
(+)I f  HgClv /  were th e  e f f e c t iv e  e le c t r o p h i le  in  th e  r e a c t io n ,  th '.r. 
in  th e  p resence  o f a la rg e  excess o f c h lo r id e  io n  th e  seco n d -o rd er r a t e  
c o n s ta n t would be expected  to  d ecrease  m arkedly, due to  th e  d ecrea se  in
c o n c e n tra tio n  o f HgCl^+\  T h is  was n o t observed .
The co n c lu s io n  re g a rd in g  HgCl^  ^ g iv in g  n u c le o p h ilic  a s s is ta n c e  
to  th e  r e a c t io n  i s  dependent on th e  c o n c e n tra tio n  o f HgCl^  ^ in  s o lu t io n .  
The v a lu es  o f th e  r a te - c o n s ta n ts  o b ta in ed  show th a t  th e  in c re a s e  in  r a t e  
was o f th e  same o rd e r as th e  s a l t  e f f e c t s  observed above, good second- 
o rd e r p lo ts  be in g  ob ta in ed  in  a l l  c a s e s . I f  a  h igh  c o n c e n tra tio n  o f  
HgCl^  ^ had been p re se n t ( r e l a t i v e  to  th e  c o n c e n tra tio n  o f  HgCl^) th e n  
good seco n d -o rd e r p lo t s  would n o t have been o b ta in ed  as th e  i n i t i a l  con­
c e n tr a t io n  o f  HgCl^ used in  th e  c a lc u la t io n  would have been m arkedly d i f f ­
e re n t to  th e  a c tu a l  c o n c e n tra tio n  in  s o lu t io n .  The va lu e  o f th e  s te p ­
w ise  fo rm atio n  c o n s ta n t ,  K^, fo r  H g C l^  in  methanol i s  no t known, b u t
a rough e s tim a te  o f i t s  v a lu e  can be made u sin g  th e  v a lu e s  o f f o r
/ \ ( l Q \
Hgl^ * in  w a te r and methanol and th e  va lue  o f HgCl^~^ in  w a te r ,
H g lk ^  HgClj ^
^ 3 ,H2° ^ 3 >H2° , 6 .03 x 103 _ 7 .08
H g C l^  ’ 7 .59  X 104 H g C l^
K3,MsOH / ?3,MeOH K3,MeOH
HgCl
g iv in g  K3>MeQH Si 9 .0 .
For a r e a c t io n  w ith  i n i t i a l  c o n c e n tra tio n  o f HgCl^ -  0.01M and o f c h lo r id e  
io n  -  0.01M, th e n  th e  approxim ate c o n c e n tra tio n  o f HgCl^  ^ p re s e n t a t  th e
s t a r t  o f th e  r e a c t io n  i s  0.001M. T h is  i s  p robab ly  an o v e re s tim a te  as
th e  e f f e c t  of t h i s  c o n c e n tra tio n  o f HgCl^”^ cou ld  be observed in  th e  p lo ts
o f k ^ t v s . t ,  and in  f a c t  none was observed . Thus, no d e f in i te  conc­
lu s io n  as to  w hether HgCl^~^ g iv e s  n u c le o p h ilic  a s s is ta n c e  to  th e  r e a c t io n  
can be made, bu t by analogy w ith  Hgl^~^ i t  would seem very  u n lik e ly .
The fo rm atio n  o f Hgl^  ^ i s  th e  b a s is  o f th e  a n a ly t ic a l  tech n iq u e  u sed : 
and no r e a c t io n  i s  observed in  quenched re a c t io n  m ix tu res , where a l l  th e  
mercury i s  p re se n t as Hgl^ ^ . Thus i t  i s  assumed th a t  any r e a c t io n  
betw een HgCl^  ^ and Et^Sn i s  n e g l ig ib le .
In  view o f  th e  co n c lu s io n s  o f  S ec tio n s  3 F . and 3 G. i t  i s  
p o s s ib le  to  make some co n c lu s io n  as to  th e  n a tu re  o f th e  t r a n s i t i o n  s t a t e  
f o r  th e  r e a c t io n  between t e t r a e t h y l t i n  and m ercuric  c h lo r id e .
The two main co n c lu s io n s  reached  a re  s
a) t h a t  th e re  i s  a b im o le c u la r  r e a c t io n  between HgCl^ and E t^Sn.
b) th a t  a p o s i t iv e  k in e t i c  s a l t  e f f e c t  i s  observed f o r  th e  
r e a c t io n  in  th e  p resence  o f v a r io u s  added s a l t s ,  and th a t  th e  t r a n s i t i o n
s t a t e  i s  p o la r  w ith  some charge s e p a ra tio n .
C onclusion  (a ) le a d s  one to  p o s tu la te  two p o s s ib le  t r a n s i t i o n
s t a t e s ,  Sh,2 and S_i as shown below t h  &
S(+)
Snlk SnR-
/  3 -- 3 '
r< r  .c i
\
\* (->  \  ^
HgClg HgCl
V  SBi
C onclusion  (b) le a d s  to  th e  p o s tu la te  t h a t  th e  most l i k e l y  
t r a n s i t i o n  s t a t e  i s  o f  t h e 1open’ S^2 ty p e .
H. The R eac tio n  between T e t r a e th y l t in  and M ercuric 
C h lo rid e  in  V arious M ethanol-W ater M ixtures
( i )  The V a r ia tio n  o f th e  R ate C onstan t w ith  So lven t Com position
The r a t e  c o n s ta n ts  fo r  th e  r e a c t io n  betw een t e t r a e t h y l t i n  and 
m ercuric  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res  were determ ined  a t  
25°C and 40°C5 th e  r e s u l t s  a re  shown in  Table 10.8 ( p a g e  2 0 2 ) .
The graphs o f lo g  k^ v s . mole f r a c t io n  o f w a ter (X^ q) a re  
shown in  F igu re  3 .2  f o r  r e a c t io n s  a t  25°C and 40°C. The r e s u l t s  a re  
in  q u a l i t a t iv e  agreem ent w ith  th e  th e o ry  o f Hughes and In g o ld .
A ccording to  th e se  au th o rs  , th e  r a t e s  o f r e a c t io n ,  in  which io n ic  charges 
(o r charge s e p a ra tio n s )  a r i s e ,  o r a re  compressed in to  a sm a lle r  space 
d u rin g  passage th rough  th e  t r a n s i t i o n  s t a t e ,  in c re a s e  w ith  th e  p o la r i ty  
of th e  medium su rround ing  th e  r e a c ta n ts  and th e  a c t iv a te d  complex.
A more q u a n t i ta t iv e  approach i s  o b ta ined  by c o n s id e ra tio n  o f 
th e  m acroscopic d i e l e c t r i c  c o n s ta n t .  As was shown in  th e  in tro d u c t io n  
(page5^ ) an eq u a tio n  can be d e riv ed  th a t  r e l a t e s  th e  r a t e  c o n s ta n t to  
th e  d i e l e c t r i c  c o n s ta n t ,  f o r  a r e a c t io n  between two n e u tra l  b u t p o la r  
m o lecu les,
lo g  k  = lo g  k  -  JI___
' 2.303HT
. (D -  1) /* A  /* B
t ^ T l )  3  + 3  “  3  3 ‘ 13
A B V
where k  and k  a re  r a t e  c o n s ta n ts  in  media w ith  d i e l e c t r i c  con- o
s ta n t s  D and 1 r e s p e c t iv e ly .
F ig u re  3 .3  shows th e  graph of l o g ^ k  v s . (D -  1)/(2D  + 1) a t  
25°C f o r  th e  r e s u l t s  in  T able  1 0 .8 . The v a lu es  o f th e  d i e l e c t r i c  con-
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s ta n t s  a re  th o se  o f A lb r ig h t . '  '  The d a ta  used f o r  th e  g raphs 3*2 and 
3*3 a re  shown in  T ab le  3 .2 .
Graphs o f  l o g ^ l ^  v s .  Xg q a t  25 C and 40 G 
f o  0 ^ 2
40UC
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Graph 3*3 g iv e s  a p o s i t iv e  s lope  f o r  th e  p lo t  o f lo g  k  v s .
(D -  1)/(2D  + 1). Now th e  d ip o le  moment o f t e t r a e t h y l t i n  must he ze ro ,
h e n c e -  0 in  e q u a tio n  3 .1 3 , and we may w r ite  s
l ° ‘ *  ■ A  3 - ’ 3
r B r /
Thus f o r  a p o s i t iv e  s lo p e ,
2 • 3
/* J L  >  f *. i 2 z '  3
/ ' S  r B
Since r ^  must he l a r g e r  th a n  r ^  ( to  a f i r s t  approx im ation  r ^  =
r  + r  ) i t  i s  c le a r  th a t  th e  d ip o le  moment o f th e  t r a n s i t i o n  s t a t e  must 
A Jd
he a p p re c ia b ly  la r g e r  th an  th a t  o f m ercuric  c h lo r id e .
TABLE 3-2
VARIATION OP THE RATE CONSTANT WITH DIELECTRIC CONSTANT
S olven t Mole f r a c t io n 25° D 0 D -  1 lo g  k ^ 1 40 lo g  k
% MeCH v 2D + 1
1. 100 0.001 33.1 0.4777 -0 .6990 -0 .1765
2. ' 98 0.044 34.2 0.4783 -0 .5638 -0 .0526
3. 96 0.086 35 .3 0.4791 -0 .4225 0.0605
4 . 94 0 .126 36.6 0.4798 -0 .3080 0.1694
5. 90 0.200 38.8 0.4810 -0 .0794 0.3753
6. 85 0 .284 41 .2 0.4820 0.1659 0.6246
7. 80 0 .360 43 .7 O.483O 0.3747 0.8274
8 . 70 0.490 49.1 0.4849 0.7474 1.1981
9. 65 0.547 51.7 0.4857 — 1.2998
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There i s  no d i r e c t  ev idence th a t  m ercuric  c h lo r id e  h as a  d ip o le  
moment in  methanol o r m ethanol-w ater m ix tu re s , due to  th e  f a c t  t h a t  th e se  
s o lv e n ts  them selves have d ip o le s . However, th e  d ip o le  moment o f mer-
/O i\
c u r ie  c h lo r id e  has been measured in  d ioxan  by C urran , '  and found to  
have a v a lu e  o f 1 .43 D* The d ip o le  moment has been a t t r i b u t e d t o  
th e  fo rm atio n  o f a dioxan-HgCl^ complex between th e  oxygen atom o f d ioxan  
and th e  mercury atom. I t  i s  p robab le  th a t  methanol complexes to  mercury 
v ia  i t s  oxygen atom, and th a t  m ercuric  c h lo r id e  in  methanol and m ethanol- 
w a te r m ix tu res w i l l  have a c o n s id e ra b le  d ipole#
As th e  g raph o f lo g  k  v s . (D -  1)/(2D  + 1) has a p o s i t iv e  s lope  
th e  d ip o le  moment o f th e  t r a n s i t i o n  s t a t e  must be a p p re c ia b ly  l a r g e r  th a n  
th a t  o f m ercuric  c h lo r id e .  We may p o s tu la te  t h a t  th e re  i s  c o n s id e ra b le  
charge s e p a ra t io n  in  th e  t r a n s i t i o n  s t a t e  and th a t  th e  r e a c t io n  betw een 
t e t r a e t h y l t i n  and m ercuric  c h lo r id e  p roceeds by th e  S^2 mechanism, in  
agreem ent w ith  th e  c o n c lu s io n  o f S e c tio n  3 G.
I .  A c tiv a t io n  P aram eters  fo r  th e  R eac tio n  
betw een T e t r a e th y l t in  and M ercuric C h lo ride  
The a c t iv a t io n  f r e e  e n e rg ie s ,  e n th a lp ie s  and e n tro p ie s  f o r  th e  
r e a c t io n  o f t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethanol- 
w a ter m ix tu res were c a lc u la te d  as d e sc rib e d  in  S e c tio n  10 H. (p ag e201 )•
The r e s u l t s  a re  shown in  T able  10.9  (page 20 2 ).
/ / 1  
F ig u re  3 .4  shows graphs o f A G ^ j A H ^ q  and - T A p l o t t e d
a g a in s t  th e  mole f r a c t io n  o f w a te r .
The f r e e  energy  o f a c t iv a t io n  behaves in  a r e l a t i v e l y  sim ple
fa s h io n  as p re d ic te d  by th e  H ughes-Ingold approach to  medium e f f e c t s  on
//-p\
r e a c t io n  r a t e s .  '  On th e  b a s is  o f  t h e i r  p re d ic t io n ,  th e  r e a c t io n  i s  
though t to  occur th ro u g h  th e  co n v ersio n  o f r e l a t i v e l y  n o n -p o la r m olecules
A c t i v a t i o n  ? f ^ ^ e ' ^ r c u 5 i f
vlrSfrSthanol-water mixtures at ,
lA ,
O
CM
8X0Tn*sx80^*^DV
^ X o m -s te ^ J I V  
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to  a t r a n s i t i o n  s t a t e  in v o lv in g  some charge s e p a ra t io n , so th a t  as th e  
d i e l e c t r i c  c o n sta n t o f th e  medium i s  in c re a se d  on go ing  from m ethanol to  
w a te r , th e  f r e e  energy  of a c t iv a t io n  d e c rea se s  s te a d i ly .
However, exam ination  o f th e  so lv en t e f f e c t s  on th e  e n th a lp ie s  
and e n tro p ie s  o f  a c t iv a t io n  re v e a ls  im m ediately  th a t  th e  o rd e r ly  behav­
io u r  o f  th e  f r e e  energy i s  due to  condensa tion  o f changes in  th e  o th e r  
two te rm s . There i s  n e a r ly  a m ir ro r  image r e la t io n s h ip  o f  th e  two 
p r o f i l e s  a c ro ss  th e  whole so lv en t spectrum  s tu d ie d .
A com parison o f th e  r e a c t io n s  o f t e t r a e t h y l t i n  w ith  m ercuric
(25)c h lo r id e  and m ercuric  io d id e ' '  in  96% methanol show th a t  th e  a c t iv a t io n
1
e n tro p ie s  a re  -  24*5 ancL -  30 e .u .  r e s p e c t iv e ly .  These v a lu e s  o f  Sr  
su ggest th a t  th e  t r a n s i t i o n  s t a t e  resem bles th e  r e a c ta n ts  more c lo s e ly  
f o r  HgCl^ th a n  fo r  H gl^. In  o th e r  w ords, i f  m ercuric  c h lo r id e  i s  more 
s o lv a te d  in  th e  ground s t a t e  th an  m ercuric  io d id e  th e n  l e s s  o rd e rin g  o f 
th e  so lv e n t occurs when m ercuric  c h lo r id e  form s th e  t r a n s i t i o n  s t a t e  and 
th e  r e a c t io n  w i l l  have a l e s s  n e g a tiv e  a c t iv a t io n  en tro p y  th a n  th e  r e a c t io n  
w ith  m ercuric  io d id e .
The m agnitude o f  e n tro p ie s  o f a c t iv a t io n  has aroused  some i n t -
/ pQ\
e r e s t .  W eingarten e t  a l  '  have s ta te d  th a t  a h ig h  n e g a tiv e  en tro p y
of a c t iv a t io n  ( i . e .  o f th e  o rd e r  o f -  20 to  -  40 e .u . )  i s  in d ic a t iv e ,  f o r  
a b im o le c u la r  r e a c t io n  between n e u tr a l  m olecu les , o f a ’c lo s e d ’ t r a n s i t i o n  
s t a t e .  They s tu d ie d  th e  r e a c t io n  i
(CH^)Sb + SbCl3 4  (CH^SbCl + CH3SbCl2
T h is  r e a c t io n  was found to  have an a c t iv a t io n  en tro p y  o f -  25 e .u .  
and th ey  claim ed th a t  t h i s  va lu e  was c o n s is te n t  w ith  a c lo se d  t r a n s i t i o n  
s t a t e  o f th e  ty p e  s -
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T his  su g g es tio n  would seem to  he c o n tra ry  to  a  la rg e  volume o f  
ev id en ce . I f  two uncharged r e a c ta n ts  form an ’open1 t r a n s i t i o n  s t a t e  
in  which charge s e p a ra tio n  occurs as in  S .^2 r e a c t io n s  o f th e  M enschutkin 
ty p e , h igh  n e g a tiv e  e n tro p ie s  o f a c t iv a t io n  a r i s e .
T able  3 .3  l i s t s  a s e r ie s  o f S^2 r e a c t io n s  in  which r e l a t i v e l y  
non~polar r e a c ta n ts  go to  form charge^ t r a n s i t i o n  s t a t e s .
In  a l l  c a s e s , excep t t h a t  o f w a te r , a l a r g e ,  n e g a tiv e  en tro p y  
o f a c t iv a t io n  i s  seen  to  a r i s e .
A more g e n e ra l o b se rv a tio n  about th e  m agnitude o f a c t iv a t io n  
e n tro p ie s  would seem to  be th a t  when two n e u tra l  m olecules go to  form  a 
charged t r a n s i t i o n  s t a t e  th e n  so lv en t m olecules may be fro ze n  out in  th e  
p ro cess  and may be a s s o c ia te d  w ith  a la rg e  n e g a tiv e  en tro p y  o f a c t iv a t io n .  
R eac tio n s  such as (10) (T able 3*3) a re  o f  th e  ty p e  s
E t2S + Mel -------- > E 'tgS M e^ + 1 ^
There i s  h e re  no p o s s i b i l i t y  of a ’c lo s e d ’ t r a n s i t i o n  s t a t e ,  a lth o u g h
th e  en tro p y  o f a c t iv a t io n  i s  -  25 e . u . ,  e x a c tly  th e  same v a lu e  as was
( 28)o b ta in ed  by W eingarten e t  a l .  1 The above g en e ra l o b se rv a tio n  would 
seem to  app ly  v e ry  w ell to  t h i s  s i tu a t io n  and to  th e  o th e r  r e a c t io n s  shown 
in  T able  3-3*
F u r th e r  ev idence th a t  a la rg e  n e g a tiv e  a c t iv a t io n  en tro p y  i s  no t 
on ly  in d ic a t iv e  o f a ’c lo s e d ’ t r a n s i t i o n  s t a t e  i s  g iven  in  T able 3*4> 
where th e  a c t iv a t io n  e n tro p ie s  fo r  a s e r ie s  o f  e l e c t r o p h i l i c  s u b s t i t u t io n  
r e a c t io n s  a re  g iv en .
TABLE 3.3
R eac tan ts Solvent i> CD • • R ef.
1 . Me^N + Mel C6H6 -47 85
2. Et^N + Mel C6H6 -4 3 ,-4 1 85,86
3 . Et^N + E t I Hexane -42 86
4* E t2S + Mel Acetone -40 89
5. Me^S + MeBr MeC01Me2 -40 87
6 . Et^N + E t I Acetone -39 86
7. E t N + E t I PhlTOg -39 86
8 . St^N + Mel PhNOg. -35 86
9. l i e  + MeBr 88% MeOH -28 87
10. E t2S 4- Mel EtOH -25 89
11. E t2S + Mel MeOH -25 89
12. Et^N + Mel MeOH -25 85
13. Me N 4- Mel h20 +1 88
TABLE 3 .4
ACTIVATION ENTROPIES FOR VARIOUS ELECTROPIIILIC SUBSTITUTION REACTIONS
R eac tan ts So lven t A s4 . u . P robab lemechanism R ef.
MeHgBr 4* HgBr2 E thano l -25
*
¥ 12
PhCHgHgBr 4- HgBr2 Q uino line -26 Sgi 101
R2Hg 4- Hgl2 Dioxan -28 to -29  Sgi* 41(b)
P r i g  4- Hgl
Me
Benzene -28 V 102
Me CHCH CH # C -  
d  . Me
R2Hg 4- RHgBr
R
E thanol -32 V*
103
16
*
The mechanisms o f th e se  r e a c t io n s  have heen proposed from o th e r  e v i­
dence, such as s a l t  e ffec ts*
The a c t iv a t io n  e n tro p ie s  shown in  T able  3*4 a l l  la rg e  and
n e g a tiv e , b u t a re  o f th e  same m agnitude fo r  r e a c t io n s  p roceed ing  v ia  
’c lo s e d ’ o r ’open1 t r a n s i t i o n  s ta te s . .  T h is  would suggest th a t  th e  a c t ­
iv a t io n  e n tro p ie s  o b ta in ed  f o r  th e  r e a c t io n  o f m ercuric  c h lo r id e  w ith  
t e t r a e t h y l t i n  in  v a r io u s  m ethano l-w ater m ix tu res a re  no t in  c o n tra v e n tio n  
o f th e  proposed S.^2 mechanism.
c t io n s  of ha logens w ith  t e t r a a l k y l t i n s  in  p o la r  so lv e n ts  th a t  one so lv en t 
m olecule forms a c o o rd in a te  bond w ith  th e  t i n  atom to  g ive  a t r a n s i t i o n  
s t a t e  of th e  ty p e  s > ■
a maximum o f  -T S' a t  about 92$  m ethanol i . e .  a minimum in  th e  a c t iv a t io n  
en tro p y .
For a r e a c t io n  going from n o n -p o la r r e a c ta n ts  to  p o la r  t r a n s i t i o n  
s t a t e ,  i n  g e n e ra l , th e  l e s s  o rdered  th e  so lv en t th e  more n e g a tiv e  i s  th e
i t  can be seen  th a t  th e  a c t iv a t io n  en tropy  in  benzene i s  c o n s id e ra b ly  
more n e g a tiv e  th a n  th e  same r e a c t io n  in  m ethanol, i . e .  th e re  i s  a  g r e a te r  
in c re a s e  in  o rd er (more n e g a tiv e  en tropy ) when th e  t r a n s i t i o n  s t a t e  i s  
formed in  benzene th a n  when i t  i s  formed in  th e  a lre a d y  more o rdered  s o l ­
ven t m ethanol.
A pplying th e  same q u a l i t a t iv e  assessm ent to  th e  r e a c t io n  o f 
t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e ,  as su ccess iv e  amounts o f w a ter a re
G ielen  and N asi e l  sk i have in  f a c t  p o s tu la te d  f o r  th e  r e a -
SC+) 1  i
,Sn4-*+— S
R eference  to  th e a c t iv a t io n  en tropy  p r o f i l e  in  F ig u re  3*4> shows
en tro p y  o f a c t iv a t io n .  C o n sidering  re a c t io n s  (2) and (12) in  T ab le  3»3
added to  m ethanol, th e  a c t iv a t io n  en tro p y  d e c rea se s  to  a minimum a t  ahout 
92$ methanol and th e n  in c re a s e s  ag a in  as th e  amount o f w ater i s  in c re a s e d . 
T h is  im p lie s  th a t  a d d it io n  of w ater to  methanol in  th e  f i r s t  in s ta n c e  
d e c rea se s  th e  o rd e r o f th e  s o lv e n t ,  h u t.b e lo w  ahout 92$ methanol th e  
o rd e r o f th e  so lv e n t beg ins to  in c re a s e .
There ap pears  to  he no d i r e c t  ev idence to  confirm  o r d isp ro v e  
th e  above su g g e s tio n , th e  methanol r i c h  end o f th e  m ethanol-w ater so lv en t 
spectrum  no t hav ing  a t t r a c t e d  much i n t e r e s t  in  th e  s tudy  o f thermodynamic 
p a ram ete rs .
An a l t e r n a t iv e  e x p la n a tio n  f o r  th e  observed minima in  th e  a c t ­
iv a t io n  e n tro p ie s  in v o lv e s  th e  change in  s p e c if ic  s o lv a t io n  o f th e  t r a n s ­
i t i o n  s t a t e  w ith  changing so lv en t com position . I f  th e  t r a n s i t i o n  s t a t e  
i s  assumed to  be u n so lv a ted  in  so lv en t methanol b u t ,  as w a ter i s  added to  
th e  m ethanol, th e  t r a n s i t i o n  s t a t e  becomes s p e c i f i c a l ly  so lv a te d  by w a te r , 
th e n  th e  change in  a c t iv a t io n  en tro p y  i s  due to  th e  g rad u a l change from 
one t r a n s i t i o n  s t a t e  to  th e  o th e r .  T h is  may be i l l u s t r a t e d  as %
$ ( +)  S(+)
 ^SnEt ,S n E t,< -----0H2
'  s '
'
E t E t
\ S ( - )  S(-)
HgCl2 'HgCl2
i . e .  a t  so lv en t com position  92$ m ethanol a l l  th e  t r a n s i t i o n  s t a t e s  formed 
a re  s t a b i l i s e d  by c o o rd in a tio n  o f w a te r .
The v a lu e s  o f th e  a c t iv a t io n  e n tro p ie s  f o r  th e  r e a c t io n  o f t e t r a ­
e th y l t i n  w ith  m ercuric  c h lo r id e  i n  v a rio u s  m ethano l-w ater m ix tu res  a re  
seen  to  be c o n s is te n t  w ith  th e  v a lu e s  o b ta ined  fo r  n o n -p o la r  r e a c ta n ts  
going  to  a p o la r  t r a n s i t i o n  s t a t e ,  and we may p o s tu la te  th a t  we a re  ob­
se rv in g  a r e a c t io n  p roceed ing  by an 3^2 mechanism.
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The same q u a l i t a t iv e  assum ptions ap p lie d  to  th e  a c t iv a t io n  e n t­
ro p ie s  may he a p p lie d  to  th e  a c t iv a t io n  e n th a lp ie s .  The a c t iv a t io n
e n th a lp ie s  fo r  th e  r e a c t io n  o f t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e  and
-1m ercuric  io d id e  in  96$ methanol a re  13*15 k  c a ls .m o le . and 11.7 k  c a l s .
-1mole, r e s p e c t iv e ly .  These r e s u l t s  im ply th a t  m ercuric  c h lo r id e  i s
more so lv a te d  in  th e  ground s t a t e  th a n  th e  i o d i d e , i . e .  has a low er energy ,
and th e re fo re  a co nsequen tly  h ig h e r  a c t iv a t io n  en th a lp y  i s  needed in
o rd e r to  reach  th e  t r a n s i t i o n  s t a t e .
The a c t iv a t io n  e n th a lp ie s  (T ahle 10.9? page 20^) a x e  seen  to
d ec rea se  from 100$ to  70$ m ethanol, a lthough  n o t l i n e a r l y ,  w ith  in c re a s in g
d i e l e c t r i c  c o n s ta n t. T h is  i s  in  agreem ent w ith  th e  q u a l i t a t iv e  p re d -
(  £ o \
i c t i o n  o f In g o ld ' * fo r  a r e a c t io n  where th e  t r a n s i t i o n  s t a t e  i s  more 
p o la r  th a n  th e  i n i t i a l  s t a t e  o f th e  r e a c ta n ts .
A c tiv a tio n  e n th a lp ie s  as  such , do no t c o n tr ib u te  much to  a 
knowledge o f th e  mechanism. They a re  d iscu ssed  f u r th e r  in  S e c tio n  V 
a lo n g  w ith  th e  a c t iv a t io n  f r e e  e n e rg ie s  and e n tro p ie s  in  term s o f th e  
i n i t i a l  s t a t e  and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s  to  th e se  p a ram ete rs .
The fo llo w in g  co n c lu s io n s  can be drawn about th e  r e a c t io n  o f 
t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e  in  methanol and v a rio u s  m ethanol- 
w a ter m ix tu res from th e  ev idence g iven  in  t h i s  s e c t io n .
a) The r e a c t io n  betw een t e t r a e t h y l t i n  and m ercuric  c h lo r id e  i s  b im o le c u la r .
b) The p o s i t iv e  k in e t ic  s a l t  e f f e c t  in d ic a te s  a p o la r  t r a n s i t i o n  s t a t e
w ith  some charge s e p a ra tio n .
c) The in c re a s e  in  r a t e  c o n s ta n t w ith  in c re a s in g  d i e l e c t r i c  c o n s ta n t in d ­
i c a t e s  a r e a c t io n  going  from r e l a t i v e l y  n o n -p o la r r e a c ta n ts  to  a p o la r
t r a n s i t i o n  s t a t e .
d) The d e c rea s in g  f r e e  energy w ith  in c re a s in g  d i e l e c t r i c  c o n s ta n t le a d s
to  th e  same co n c lu s io n  as ( c ) .
e) The a c t iv a t io n  e n tro p ie s  a re  c o n s is te n t  w ith  a b im o lecu la r r e a c t io n  
where r e l a t i v e l y  n o n -p o la r r e a c ta n ts  go to  form a charged t r a n s i t i o n  s t a t e .
The above co n c lu s io n s  a l l  p o in t to  th e  r e a c t io n  betw een t e t r a ­
e th y l t i n  and m ercuric  c h lo r id e  p roceed ing  by a 2x^ 2 mechanism v ia  an ’ open1 
t r a n s i t i o n  s t a t e  as shown on page .
S E C T I O N  IV
THE REACTION EETNSEN VARIOUS TBTRAALKYLTINS AND ?«CURIC CHLORIDE
A. K in e tic  R esu lts  
The r e s u l t s  o f th e  k in e t i c  s tu d ie s  o f th e  r e a c t io n s  betw een 
t e t r a a l k y l t i n s  and m ercuric  c h lo r id e  in  s o lv e n ts  100$, 96$ and 85$  meth­
anol a t  25°C and 40°C a re  g iven  in  S ec tio n s  11, 12, 13, 14 and 15*
I t  was shown, fo r  t e t r a e t h y l t i n ,  th a t  th e  r e a c t io n  was b im o l-
e c u la r ,  seco n d -o rd e r, f i r s t - o r d e r  in  each r e a c ta n t ,  (S ec tio n  3 P . ) .
(25)S p a ld in g ' 7 showed th a t  th e  r e a c t io n  of t e t r a a l k y l t i n s ,  R^Sn$ R * Me, E t ,
n -P r , n-Bu, iso -B u , w ith  m ercuric  io d id e  was a b im o le c u la r , seco n d -o rd e r
r e a c t io n ,  f i r s t - o r d e r  in  each r e a c ta n t .  Having shown th a t  t h i s  was th e
case  f o r  th e  r e a c t io n  o f t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e  i t  was found
n o t n e ce ssa ry  to  perform  o rd e r ru n s  on th e  o th e r  t e t r a a l k y l t i n s  ( c f .
(25)S p a ld in g ' ) •  The seco n d -o rd er r a t e  eq u a tio n  w as, in  f a c t ,  s t r i c t l y
obeyed f o r  a l l  t e t r a a l k y l t i n s ,  in  a l l  so lv e n ts  used w ith  th e  s in g le  exce­
p tio n  o f te t r a m e th y l t in  in  85$ m ethanol.
The r e a c t io n  o f t e t r a - i s o - p r o p y l t i n  w ith  m ercuric  c h lo r id e  in  
so lv e n ts  100$, 96% and 85$ methanol a t  25°C and 40°C was in v e s t ig a te d  fo r  
a p e rio d  o f s ix  months (S ec tio n  1 2 .) .  D uring t h i s  tim e , th e re  was no 
ob serv ab le  r e a c t io n ,  (ev idence fo r  a r e a c t io n  o c cu rrin g  being  ta k e n  as 
d e c re a s in g  absorbance o f  quenched re a c t io n  m ix tu res w ith  t im e ) .
Two f a c to r s  c o n tr ib u te d  to  t h i s  observed la c k  o f r e a c t io n .
The f i r s t  o f th e se  was n o n -k in e tic  and concerns th e  i n s t a b i l i t y  o f t e t r a -  
i s o - p r o p y l t in .  As was s ta te d  in  S e c tio n  12, a f t e r  a p e rio d  o f about
s ix  weeks every  r e a c t io n  m ixture began to  d e p o s it a w h ite , c r y s t a l l i n e
(25)s o l id ,  which was i d e n t i f i e d  by S p a ld in g ' 7 as p robab ly  b e in g  d i - i s o - p r o ­
pyl t i n  d ihydrox ide  from  the»decom position  o f te t i* a - is o -p ro p y l t in .
T h is  meant th a t  th e  c o n c e n tra tio n  o f t e t r a - i s o - p r o p y l t i n
a v a ila b le  f o r  r e a c t io n  with, m ercuric  c h lo r id e  was c o n tin u o u s ly  d e c rea s in g  
and th a t  th e  r a t e  o f r e a c t io n ,  i f  any, was co rre sp o n d in g ly  d e c re a s in g .
The second f a c to r  i s  k in e t ic  in  n a tu re . C onsider th e  o t-  -  
m ethy la ted  s e r ie s  o f t e t r a a l k y l t i n s ,  Me^Sn, Et^Sn and iso -P r^ S n . The 
r a t e  c o n s ta n ts  fo r  th e  r e a c t io n s  o f  th e se  compounds in  % %  methanol a t 
40°C a re  g iven  in  T ab le  4*1•
TABLE 4*1 
RATE CONSTANTS FOR THE ^-METHYLATED 
SERIES OF TETRAALKYLTINS
R .Sn, R = Me E t i - P r
4
HgClgjkg0 = 360.8  1.149 ?
H gA 25)k^° = 94.1 0.767 1 .2  x  10~5
There i s  a g r e a te r  d ecrease  in  r a t e  going from Me^Sn to  Et^Sn 
f o r  th e  r e a c t io n  w ith  m ercuric  c h lo r id e  th an  w ith  m ercuric  io d id e . I t  
i s  p o s s ib le  th a t  a s im ila r  e f f e c t  w i l l  be observed going from E t^Sn to  
i-P r^ S n  i . e .  th a t  th e  r a t e  c o n s ta n t fo r  th e  r e a c t io n  between t e t r a - i s o -
4
p ro p y lt in  and m ercuric  c h lo r id e  in  96% methanol w i l l  be l e s s  th a n  1 .2  x
-5  -1 -1 -5  -1 -110 l.m o le . min. A r a t e  co n s ta n t o f 1 .0  x 10 l .m o le . min. f o r  a
-2r e a c t io n  w ith  i n i t i a l  c o n c e n tra tio n s  o f r e a c ta n ts ,  HgC^ -  1 .0  x 10 M,
-2and Et^Sn -  1 .25 x 10 M, makes th e  expected  h a l f - l i f e  f o r  a seco n d -o rd er 
r e a c t io n  o f th e  o rd e r o f 5 x 10^ days*
I t  i s  p o s s ib le  to  deduce a maximum r a t e  c o n s ta n t fo r  th e  r e a c t io n  
o f t e t r a - i s o - p r o p y l t i n  w ith  m ercuric  c h lo r id e  in  96$ m ethanol. A fte r
a p e rio d  o f 6 weeks a sample o f r e a c t io n  m ixture was quenched and th e  ab­
sorbance measured a t  25°C s
y (
a = 1.2487 x 1Cf2Mc b * 1.0011 x  10~2M.o 9 0
t  = 0 mins ^q0 1 *5 = 1,244 (E11^ 10*1 -  100.3280)
t  = 60,480 ^q0 1 *5 = 1,243 (D ilu t io n  = 100.821?)
The va lue  o f k^ c a lc u la te d  acco rd ing  to  eq u a tio n  3 .5  (p ag e7*1 )
—7 —1 "“1i s  6.1 x 10 l .m o le . min. I t  i s  p o s s ib le  to  say th a t  th e  v a lu e  of 
th e  second o rd e r r a te - c o n s ta n t  f o r  th e  r e a c t io n  o f t e t r a - i s o - p r o p y l t i n
.  ^ O
w ith  m ercuric  c h lo r id e  in  9&/° m ethanol a t  25 C w i l l  n o t he g r e a te r  th an  
1 x 10 ^ l .m o le .^ m in .4
The re a c t io n s  o f th e  o th e r  t e t r a a l k y l t i n s  s tu d ie d  i*ere c a r r ie d  
out in  t r i p l i c a t e  in  each so lv en t m ix ture  a t  25°C and 40°C. The purp­
ose was to  o b ta in  f o r  each re a c t io n  a more a c c u ra te  va lu e  o f th e  r a t e  
c o n s ta n t th a n  could  be ob ta in ed  from re a c tio n s  c a r r ie d  out to  determ ine 
th e  o rd e r o f th e  r e a c t io n .  T h is  would in  tu rn  a llow  a more a c c u ra te  
d e te rm in a tio n  o f th e  v a r io u s  a c t iv a t io n  p a ram ete rs .
For a l l  th e  t e t r a a l k y l t i n s  s tu d ie d  (R = Me, E t ,  n -P r , n-Bu and
0 oiso -B u) in  s o lv e n ts  100$, 96$ 85$ m ethanol, a t  25 C and 40 C, good
k in e t ic  p lo ts  were o b ta in ed  o f k ^ t v s .  t  from s o lu t io n  o f e q u a tio n  3*5 
(page 71 )• F ig u r e 1^*4 , (page 195 a ty p ic a l  example. The only 
anomalous r e s u l t  o b ta in ed  was th a t  fo r  th e  r e a c t io n  o f te t r a m e th y l t in  
w ith  m ercuric  c h lo r id e  i n  85$ m ethanol, which w i l l  be d iscu ssed  l a t e r .
P roduct a n a ly se s  o f a l l  th e  r e a c tio n s  showed on ly  th e  t r i a l k y l -  
t i n  c h lo r id e  and a lk y lm ercu ric  c h lo r id e  to  be p re s e n t ,  by g a s - l iq u id  
chrom atography and th in - la y e r  chrom atography (p a g e s l86 , 208, 21^ 219 22$), 
In  th e  r e a c t io n s  o f te t r a m e th y l t in ,  t r im e th y l t in  c h lo r id e  could  n o t be 
id e n t i f i e d  by T .L .C . due to  i t s  v e ry  h ig h  v o l a t i l i t y .
From th e  good seco n d -o rd er p lo ts  o b ta in e d , and from th e  p roduct 
a n a ly se s , i t  was co n sid e red  th a t  th e  only  r e a c t io n  be in g  observed f o r  th e
r e a c t io n  o f t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  in  so lv e n ts  100$, 96$ 
and 85$ methanol was s
k 2R^Sn + HgCl2 -----=-> R^SnCl + RHgCl 4.1
excep t fo r  th e  case  o f te t r a m e th y l t in  in  85$ m ethanol.
I t  was p o s s ib le  to  p re d ic t  th a t  th e  r e a c t io n  o f te t r a m e th y l t in  
w ith  m ercuric  c h lo r id e  in  85$ m ethanol a t  40°C would be v e ry  f a s t  by com­
p a r iso n  w ith  th e  case  o f t e t r a e t h y l t i n ,  assuming th a t  th e  r a t i o  o f r a t e  
c o n s ta n ts  in  96$ and 85$ methanol fo r  t e t r a e t h y l t i n  would be th e  same f o r  
te t r a m e th y l t in  i . e .
—1 —1P re d ic te d  r a t e  « 4-213 360.8 = 1,323 l .m o le . min.
1.149  x
T h is  meant t h a t  th e  r e a c t io n  was no t amenable to  s tu d y  by th e  same method 
as  employed f o r  th e  o th e r  t e t r a a l k y l t i n s ,  as th e  h a l f - l i f e  o f th e  r e a c t io n  
would be f a r  to o  s h o r t .
}
T his n e c e s s i ta te d  a new c a l ib r a t io n  cu rv e , u s in g  much low er con­
c e n tr a t io n s  and a quench s o lu t io n  of 85$ m ethanol, in s te a d  o f 96$ m ethanol, 
a s  d e sc rib e d  in  S e c tio n  15 B.
R eac tio n s  were c a r r ie d  out in  85$ m ethanol a t  25°C and 40°G. 
S u b s t i tu t io n  o f th e  experim en ta l d a ta  in  eq u a tio n  3*5 (page71 ) produced 
graphs o f pronounced c u rv a tu re  when k ^ t was p lo t te d  a g a in s t  t  f o r  a l l  r e ­
a c t io n s  s tu d ie d . These r e s u l t s  suggested  th a t  an o v e ra l l  r e a c t io n  
scheme o f th e  ty p e  shown in  eq u a tio n  4«2 was b e in g  observed .
k2Me.Sn + HgCl  Me,SnCl + MeHgCl
4 2 T 3 4 .2
Me„SnCl + HgCl„ ■- Me, S n ^  + HgCl; ^3 2 ^--------  0 ->
The r e s u l t s  from th e  ex p erim en ta l d a ta  were th e n  r e c a lc u la te d  
acco rd in g  to  e q u a tio n  3.11 (page s u b s t i tu t in g  v a rio u s  v a lu e s  o f th e
e q u ilib r iu m  c o n s ta n t ,  E?, u n t i l  a s t r a ig h t  l i n e  was o b ta in ed  when kg t
was p lo t te d  a g a in s t t .  A ty p ic a l  r e s u l t  i s  shown in  F ig u re  15-3 .
The v a lu e  of th e  e q u ilib r iu m  c o n s ta n t used , 0 .5? gave s t r a ig h t
o ol in e  p lo ts  f o r  r e a c t io n s  a t  25 C and 40 C.
I t  i s  i n t e r e s t in g  to  compare th e  e x p e rim en ta lly  o b ta in ed  r a t e  
c o n s ta n ts  w ith  th e  p re d ic te d  r a t e  c o n s ta n ts  t
k . (p re d ic te d )  k  (ex p erim en ta l)
- 1 - 1  -1  -1 l .m o le . min* l .m o le . min.
25°C 602 618
40°C 1,323 1,272
R eac tio n s  p roceed ing  by a l t e r n a t iv e  mechanisms, o r th e  in c o r re c tn e s s  o f 
th e  c a l i b r a t io n  curve would not be expected  to  g iv e  p re d ic te d  and exper­
im ent s X  r a t e  c o n s ta n ts  which agreed  so c lo s e ly .
However, th e  appearance o f a secondary e q u ilib r iu m  re a c t io n  in
only  t h i s  r e a c t io n  i s  unexpected and may le a d  one to  su sp ec t th a t  an a l t ­
e rn a tiv e  mechanism i s  o p e ra tiv e . A mechanism which might be o p e ra tiv e
i s  th e  u n im o lecu lar S,_,1 mechanism,E ■
Me. Sn M e-.S n^  + M e ^
( ~ )  f a s t  M  4 *3Me' '  + HgCl2 - — ■•-> MeHgCl + C l ' '
The an io n , Me  ^ \  a lthough  th e  most s ta b le  o f th e  a lk y l s e r i e s ,
would be expected  to  r e a c t  p r e f e r e n t i a l ly  w ith  th e  so lv e n t w ith  a b s t r a c t ­
io n  o f a p ro to n  to  g iv e  m ethane, and hence a re d u c tio n  in  th e  amount o f 
m ethylm ercuric  c h lo r id e  form ed. However, m ethylm ercuric  c h lo r id e  was 
o b ta in ed  in  alm ost q u a n t i ta t iv e  y ie ld  (page229 ) ,  and th u s  t h i s  mechanism 
seems to  be very  u n lik e ly .
The rea so n  f o r  th e  occurrence  o f t h i s  secondary equ ilib rium -
r e a c t io n  i s  u n c le a r  a t  p re s e n t ,  "but i s  p o s s ib ly  due to  a la rg e  change in  
th e  e q u ilib riu m  c o n s ta n t fo r  th e  r e a c t io n  on changing  th e  so lv en t from 
96$ to  85$ m ethanol. F u r th e r  work needs to  be done to  e s t a b l i s h  w hether 
t h i s  i s ,  i n  f a c t ,  th e  case .
The mean v a lu es  o f  th e  r a t e  c o n s ta n ts  ( in  l .m o le . min. ) and 
th e  r a t e s  o f r e a c t io n  r e l a t i v e  to  th e  r a t e  fo r  te t r a m e th y l t in  (ex p ressed  
as 100) fo r  a l l  th e  r e a c tio n s  s tu d ie d  a re  g iven  in  T ab les  4*2, 4 -3  and 
4 . 4 ? f o r  so lv e n ts  100$, 96$ and 85$ methanol r e s p e c t iv e ly .
TABLE 4 .2
RATE CONSTANTS AND RELATIVE RATES FOR THE REACTIONS OF 
TETRAALKYLTINS WITH MERCURIC CHLORIDE IN 100$ METHANOL
T e t r a a lk y l t in  R^Sn
R :• = Me Et n -P r n-Bu iso-B u is o -P r
.4 0  . . . - 1 . - 1  k^ , l .m o le . min. = 230.1 0 .666 0.134 0.127 0.0186
R e la tiv e  r a t e = 100 0 .289 0.0582 0.0552 0.00808
25 -1 -1kg , l.m ole*  min. = 93.1 0,200 0.0377 0.0369 0.00480
R e la tiv e  r a t e = 100 0 .215 0.0405 0.0396 0.00516
TABLE 4*3
RATE CONSTANTS AND RELATIVE RATES FOR THE REACTIONS OF 
TETRAALKYLTINS WITH MERCURIC CHLORIDE IN 96$ METHANOL
T e t r a a lk y l t in
R = Me E t n -P r n-Bu . iso -B u  is o - P r
k ^ ° , 1 . moleT1 minT^ =: 360.8 1.149 0.218  0 .203  0.0322
R e la tiv e  r a t e  = 100 O.318  0 .0604 0 .0563 0.00892
kg5 ,l.m o le T 1minT1 = 155*3 0 .378 0 .0679 0 .0626 0.00829 6.1 x 10~7
R e la tiv e  r a t e  « 100 0 .243 0.0437 0 .0403 0.00534 3 .9  x 10~7
TABLE 4.4
RATE CONSTANTS AITD RELATIVE RATES FOR THE REACTIONS OF
TSTRAALKYLTIRS TflTH MERCURIC CHLORIDE IH 85% METHAHOL
T e t r a a lk y l t in R.Sn
4
R Me Et n -P r n-Bu iso -B u  i s o - P r
40 -1 -1kg , l .m o le . min. = 1272 4.213 0.692 0.605 0.0856
R e la tiv e  r a t e  = 100 0.331 0.0544 0.0476 0.00673
25 -1 -1kg , l .m o le . min. * 617.9 1.465 0.235 0.194 0.0236
R e la tiv e  r a t e  = 100 0.237 O.038O 0.0314 0.00382
B. Mechanism of th e  R eac tio n
As was m entioned in  S e c tio n  4 A. (page95 ) a l l  th e  t e t r a a l k y l -  
t i n s  were found to  undergo th e  r e a c t io n  :
R^Sn + HgCl2 ----- ^  R^SnCl + RHgCl 4*4
where R = Me, E t ,  n -P r , n-Bu, iso -B u .
A ll r e a c t io n s  o f ty p e  4*4 were found to  obey seco n d -o rd e r k in ­
e t i c s  under th e  k in e t ic  c o n d itio n s  u sed , and th e re fo re  th e se  r e a c t io n s  
cannot proceed  hy S^l mechanisms (page 11 ) .hi
A f r e e  r a d ic a l  mechanism was d isco u n ted  a s  th e  p resence  o f a 
f r e e  r a d ic a l  in h ib i to r  ( 1 s4 dihydroxybenzene) had no s ig n i f ic a n t  e f f e c t  on 
th e  value  o f kg, in  th o se  re a c t io n s  in  which i t  was used (page 1 5  ) .
The r e a c t i v i t y  sequence observed fo r  th e  t e t r a a l k y l t i n s  s tu d ie d  
was th e  same in  a l l  th e  so lv en t m ix tu res used ( 100$ , 96$ and 85$ m ethano l), 
th e  sequence be in g  %
Me y  E t n -P r n-Bu^> iso -B u ^ >  is o -P r
T e t r a - i s o - p r o p y l t in  i s  in c lu d ed  as i t  ob v io u sly  occup ies t h i s
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p o s itio n *  even though no v a lu e s  o f th e  r a t e  c o n s ta n t were o b ta in e d . The 
sequence o f r e a c t i v i t i e s  o b ta in ed  was a s t e r i c  sequence a s s o c ia te d  w ith  an 
8 ,^2 mechanism (page 29 ) .
As was d iscu ssed  in  S e c tio n  3 (page 7& ) th e  e f f e c t  o f added 
c h lo r id e  io n  on th e  r a t e  c o n s ta n t o f th e  r e a c t io n  between t e t r a e t h y l t i n  
and m ercuric  c h lo r id e  was n e g l ig ib le ,  th e  in c re a s e  in  th e  r a t e  co n s ta n t 
b e in g  o f th e  o rd e r of a sim ple s a l t  e f f e c t .  T h is  in d ic a te s  t h a t  th e
mechanism o f th e  r e a c t io n  i s  n e i th e r  S~C n o r S ^ i, as th e  p resence  o f
hi ill
HgCl^  ^ would be expected  to  enhance th e  r a t e  c o n s id e ra b ly  i f  e i t h e r  o f
th e se  mechanisms were o p e ra tiv e , in te r a c t io n  between a n u c le o p h ilic  p a r t
o f th e  a t ta c k in g  re a g e n t and th e  m etal o f th e  s u b s t r a te  b e in g  an in te g r a l
p a r t  o f th e  mechanism.
Comparison of th e  r e l a t i v e  r a t e s  shown in  T ab les  4*2, 4*3 and
4-4  w ith  th e  r e l a t i v e  r a t e s  shown in  T able  1.4  (page 30  ) in d ic a te  t h a t
th e  r e a c t io n  o f t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  in  s o lv e n ts  100j&,
9 6 %  and 85$  m ethanol should l i e  betw een numbers ( 1) and (2) o f T able 1.4«
These r e a c t io n s  l i e  nex t to  th e  r e a c t io n  o f  t e t r a a l k y l t i n s  w ith  m ercuric
(25)io d id e , which were in v e s t ig a te d  by SpaT.ding who p o s tu la te d  an S ,^2
ill
mechanism.
I t  was deduced from th e  ev idence d iscu ssed  above th a t  th e  r e a ­
c t io n s  between t e t r a a l k y l t i n s  and m ercuric  c h lo r id e  in  s o lv e n ts  100$>, 9 6 %
and 85% m ethanol proceeded by th e  £L2 mechanism.A
The mechanism was env isaged  as be in g  f o r  th e  c leavage o f  R
from K.Sn,
R -  ShR.
ClHg -  Cl
S (+ )r
-Sn -—R 
'  VR
r :
c i
$<-)Hg Cl
i
R^Sn
+
RHgCl
(+)
Cl (-)
4 .5
The n a tu re  o f th e  io n s  R^Sn'k"r/ and C l ^  in  s o lu t io n  i s  n o t 
c l e a r ,  h u t Me^SnCl in  v a r io u s  s o lv e n ts ,  in c lu d in g  a lc o h o ls , h as  heen shown 
to  a c t  as a weafc e l e c t r o l y te .  Evidence f o r  c a tio n s  o f  th e  ty p e
R ^ S n ^  (d e riv e d  from R^SnOH) in  44% e th a n o lic  s o lu tio n s  (R = Me, E t ,
n -P r , i s o - P r ,  n-Bu) has heen o h t a i n e d ^ ^  I t  i s  p ro h ah le  th a t  th e  io n s
(+) (—)R^Sn x and Cl e x i s t  as a s o lv a l te d  io n  p a i r .
I t  i s  in t e r e s t i n g  to  n o te  th a t  th e re  i s  a l a r g e r  s t e r i c  e f f e c t  
f o r  th e  r e a c t io n  o f  t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  in  96% methanol 
th a n  th e re  i s  fo r  th e  co rrespond ing  re a c t io n s  w ith  m ercuric  io d id e .
The r e l a t i v e  r a t e s  f o r  th e  two s e r i e s  of r e a c t io n s  and th a t  fo r  th e  r e a ­
c t io n s  w ith  m ercuric  c h lo r id e  in  t -h u ta n o l  a re  shown in  T ahle  4*5*
TABLE 4*5 
RELATIVE RATES FOR THE REACT TOPS OF 
TSTRAALKYLTII-TS WITH MERCURIC HALIDES AT 40 °C
T e t r a a lk y l t in  R^Sn + HgX^
R as Me E t n -P r n-Bu iso -B u
Solvent
96% MeOH R e la tiv e r a te  = 100 0.318 0.0604 0.0563 0.00892
X = Cl
96% l l e o i 2 ^ R e la tiv e r a t e  = 100 0.81 0 .13 0 .1 4 0.011
X = I
t-B u ta n o l2^ R e la tiv e r a te  = 100 0.154 0.0276 0.0169 -
X -  Cl
Comparing th e  re a c tio n s  in  96% m ethanol, i f  HgCl^ and Hgl^ 
were u n so lv a ted  th e n  i t  i s  p o s s ib le  th a t  th e  c h lo r id e  would e x e r t a com­
p a ra b le  s t e r i c  e f f e c t  to  th e  io d id e . T h is  i s  because a sm a lle r  re a g en t
i s  ab le  to  p e n e tra te  f u r th e r  in to  th e  r e a c t io n  sp h e re , and th e re  to  e x e r t 
a com parable s t e r i c  e f f e c t  to  th a t  o f a l a r g e r  re a g e n t, p o s s ib ly  p laced  
a b i t  f u r th e r  away. For example th e  r e l a t i v e  r a t e s  f o r  th e  r e a c t io n  s
X(“ ) + R -  Br -------- > R -  X + B r ^
( 11*0
a re  approx im ate ly  th e  same as f o r  X « C l, B r, I '  .
However, i t  i s  p robab le  th a t  m ercuric  c-h lo ride and m ercuric
io d id e  a re  s o lv a te d  by m ethanol, and th a t  th e  observed r e l a t i v e  r a t e s  a re
(9:due in  la rg e  p a r t  to  th e  s o lv a t io n  o f  th e  a t ta c k in g  reag en ts#  E l i e z e r '  
has shown th a t  in  d ioxan  s o lu t io n s ,  m ercuric  h a l id e s  e x is t  as m olecules 
o f th e  ty p e  HgX^D^ where X i s  halogen and D i s  donor s o lv e n t , and th a t  
th e  s t r u c tu r e  i s  a d i s to r te d  te t r a h e d r a l  c o n f ig u ra t io n , assum ing a reh y ­
b r id i s a t io n  o f th e  m ercury. As methanol i s  a donor so lv en t o f  th e  same 
n a tu re  as  d ioxan  i t  i s  p robable  th a t  th e  same s t r u c tu r e  e x i s t s  fo r  mer­
c u r ic  h a l id e s  in  m ethanol and h ig h ly  m ethanolic  aqueous b in a r ie s .
Comparing s o lu t io n s  o f m ercuric  c h lo r id e  and io d id e  in  m ethanol, 
i f  each h a lid e  has a te t r a h e d r a l  c o n f ig u ra tio n  w ith  two donor so lv en t 
m olecu les th en  th e  io d id e  w i l l  be more bent th a n  th e  c h lo r id e  due to  r e ­
p u ls io n  between th e  l a r g e r  io d in e  atoms and th e  m ethyl groups o f th e  donor 
m ethanol m o lecu les .
In  such a s i tu a t io n  , when th e  so lv a te d  h a l id e s  come to  a t ta c k  
a t e t r a a l k y l t i n  m olecule th en  th e  in te r a c t io n  o f th e  c h lo r in e  atoms w ith  
th e  moving group, R, w il l  be g r e a te r  th a n  th e  in te r a c t io n  o f  th e  io d id e , 
and th u s  along  th e  s e r ie s  o f a lk y l groups (R = Me, E t ,  n -P r ,  n-Bu, iso-B u) 
a l a r g e r  s t e r i c  e f f e c t  i s  to  be expected  fo r  th e  c h lo r id e  th a n  f o r  th e  
io d id e .
The s t r u c tu r e  o f m ercuric  c h lo r id e  in  t-b u ta n o l  i s  no t known, 
bu t i t  i s  p o s s ib le  th a t  i t  i s  f a r  n e a re r  l i n e a r  th a n  m ercuric  c h lo r id e
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i n  m ethanol, t -b u ta n o l  be in g  a weaker Lewis base th a n  methanol ( i . e .  l e s s
s o lv a t in g  pow er). I f  t h i s  i s  th e  oase th en  th e  s t e r i c  in te r a c t io n s  o f 
th e  c h lo r id e  atoms w ith  th e  moving group R in  t-b u ta n o l  would be much 
l a r g e r  th an  in  m ethanol w ith  a co rre sp o n d in g ly  g r e a te r  s t e r i c  e f f e c t  ob­
se rv a b le  in  th e  r e l a t i v e  r a t e s .
A nother e f f e c t  which cou ld  account in  p a r t  f o r  th e  observed 
r e l a t i v e  r a t e s  shown in  T able 4*5 i s  c o o rd in a tio n  o f  a  so lv en t m olecule 
to  th e  le a v in g  group (R^Sn ^ ) in  th e  t r a n s i t i o n  s t a t e .  Such an e f f e c t  
has been p o s tu la te d  by G ie len  and H a s i e l s k i ^ ^  f o r  th e  b rom odem eta lla tion  
o f  t e t r a a l k y l t i n s  in  methanol as s o lv e n t .  The t r a n s i t i o n  s t a t e  was 
env isaged  as s j
4 .6
There i s  ev idence fo r  th e  e x is te n c e  o f complexes w ith  f iv e
(93)co o rd in a ted  t i n  in  s o lu t io n . L u i j te n  e t  a l  7 o b ta in ed  evidence fo r
sp e c ie s  such as
R
4 .7
R R
in  s o lu t io n N a s ie ls k i  e t  a l ^ ^  made a q u a n t i ta t iv e  s tu d y  o f  e q u i l i b r i a
o f th e  ty p e  $
8 r
4 .8
T
'here  i s  a p o s s i b i l i t y  th a t  a m olecule o f m ethanol c o o rd in a te s
to  th e  t i n  atom o f th e  le a v in g  group in  th e  t r a n s i t i o n  s t a t e .
An u n coord ina ted  t i n  atom in  th e  t r a n s i t i o n  s t a t e  w i l l  have a 
d i s to r te d  te t r a h e d r a l  c o n f ig u ra tio n . C o o rd in a tio n  of a so lv en t m olecule 
would ten d  to  fo rc e  th e  a lk y l groups o f  th e  le a v in g  group tow ard a p la n a r  
c o n f ig u ra t io n . In  such a case  th e re  would he in c re a se d  s t e r i c  i n t e r ­
a c t io n  between th e  moving group and th e  a lk y l r a d ic a l s  o f  th e  le a v in g  
group. In  so lv e n t $ 6 fo  m ethanol, t h i s  e f f e c t  would he approx im ate ly  th e  
same fo r  r e a c t io n s  in v o lv in g  m ercuric  c h lo r id e  and io d id e , and would n o t 
he expected  to  appear as a f a c to r  in  th e  observed r e l a t i v e  r a t e  sequences. 
In  so lv en t t - b u ta n o l ,  however, c o o rd in a tio n  o f  a m olecule o f so lv en t to  
th e  t i n  atom of th e  le a v in g  group would fo rc e  th e  a lk y l groups in to  a 
more p la n a r  c o n f ig u ra tio n  th a n  would m ethanol, w ith  a consequent in c re a s e  
in  th e  s t e r i c  i n te r a c t io n  hetx-reen th e  a lk y l r a d ic a l s  o f  th e  le a v in g  group 
and th e  moving group . T h is  would appear as  a f a c to r  in  th e  l a r g e r  
s t e r i c  e f f e c t s  observed f o r  r e a c t io n s  of m ercuric  c h lo r id e  in  t-b u ta n o l 
over th a t  observed in  m ethanol.
The s t e r i c  e f f e c t  o f th e  le a v in g  group (ShR^) on th e  incom ing 
e le c t r o p h i le  was co n sid e red  to  be o f g re a t im portance by G ie len  and N as- 
i e l s k i . ^ 0  ^ As x*as shown in  th e  in tro d u c tio n  (T able 1.5  pag e  35 ) t h i s
e f f e c t  only  assumes im portance xfhen th e  le a v in g  group i s  v e ry  bu lky  e .g .
(25)t-B u^Sn. I t  was a ls o  shoxcu by S p a ld in g , '  from a s tudy  o f th e  r e a c t io n  
o f n-Bu^SnMe w ith  m ercuric  io d id e , th a t  i t  was in  f a c t  th e  moving group 
xtfhich c o n tr ib u te d  most to  th e  s t e r i c  e f f e c t ,  no t th e  le a v in g  group .
Thus, a lth o u g h  c o o rd in a tio n  o f th e  so lv e n t to  th e  t i n  atom of 
th e  le a v in g  group might in c re a s e  th e  s t e r i c  in te r a c t io n  betx^een th e  le a v ­
in g  group and th e  a t ta c k in g  group , t h i s  i s  o f r e l a t i v e l y  minor im portance 
compared to  th e  s t e r i c  e f f e c t  o f  th e  moving group w ith  th e  a t ta c k in g
re a g e n t, u n le ss  th e  le a v in g  group c o n ta in s  v e ry  bu lky  r a d ic a l s .  Another
p o ss ib le  s t e r i c  e f f e c t  i s  th a t  between the  le a v in g  group (SnR^) and th e
moving group (R ). The r a t e  c o n s ta n ts  of c leavage o f th e  Me-Sn bond
(25)from Me^Sn and n-Bu^SnMe were shown by S p a ld in g ' 7 to  be 10.9 and 12.8
. , ^   ^•'I Q
l .m o le . min. r e s p e c t iv e ly  in  96$ methanol a t  25 C. The re s p e c tiv e
(+) (+)le a v in g  groups were Me^Sn' '  and n-Bu^Snx . The s t e r i c  e f f e c t  between
th e  moving group (Me) and th e  le a v in g  group i s  obv iously  un im p o rtan t, 
o th e rw ise  th e  r a t e  o f c leavage o f th e  Me-Sn bond in  n-Bu^SnMe would be 
l e s s  th a n  th a t  f o r  Me^Sn. Thus i t  i s  assumed th a t  t h i s  p a r t i c u la r  
s t e r i c  e f f e c t  i s  r e l a t i v e l y  u n im p o rtan t.
O ther f a c to r s  in f lu e n c in g  th e  sequence o f  r e l a t i v e  r a t e s  o bser­
ved f o r  r e a c t io n s  o f t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  a re  p o la r  
( in d u c tiv e )  e f f e c t s .  A lkyl groups have a +1 e f f e c t ,  th u s  th e  a lk y l ra d ­
i c a l s  o f th e  le a v in g  group (SnR^) a re  th e  only ones which can in f lu e n c e
th e  r e a c t io n  by a id in g  th e  c leavage  o f th e  bond o f th e  moving group to
(+)
t i n ,  and s t a b i l i s i n g  th e  le a v in g  group (SnR^). I f  p o la r  e f f e c t s ’-were 
o f  im portance th e n  a d i f f e r e n t  sequence o f r e a c t i v i t i e s  would have been 
observed o f th e  ty p e ^ * ^  s
t-B u^> Me^> E t = i s o - P r ^  n -P r = n-Bu
These sequences a re  u s u a lly  on ly  observed in  n o n -p o la r  s o lv e n ts ,  so th a t  
i t  i s  assumed th a t  p o la r  e f f e c t s  do no t a f f e c t ,  to  any la rg e  e x te n t ,  th e  
r e a c t io n s  o f t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  in  so lv e n ts  m ethanol- 
w a te r .
The co n c lu s io n s  o f t h i s  s e c t io n  a re  in  agreem ent w ith  th o se  of 
Abraham and H i l l ^  who view th a t  in  S„2 re a c t io n s  g e n e ra l ly ,  th e  moving£J
group has an ap p re c ia b ly  s t e r i c  e f f e c t  (a lth o u g h  a f u r th e r  s t e r i c  e f f e c t  
i s  a n t ic ip a te d  due to  le a v in g  groups such as  ShR^)•
Another p o in t of i n t e r e s t  i s  th e  v a r ia t io n  o f r a t e  sequences 
w ith  so lven to  G ie len  and H a s ie l s k i^ ^ * ^ ^  f i r s t  suggested  th a t  th e se  
sequences were c o n tro l le d  by th e  so lv en t 5 p o la r  s o lv e n ts  g iv in g  r i s e  to  
s t e r i c  sequences and n o n -p o la r s o lv e n ts  g iv in g  r i s e  to  p o la r  sequences
f  A \
(see  S e c tio n  1, page . Abraham and H i l l  '  th e n  showed th a t  t h i s
does no t always h o ld  and suggested  th a t  th e  sequences were c o n tro l le d
m e ch a n is tic a lly ^  th e  EL, 2 ’ open1 mechanism always g iv e s  a s t e r i c  sequence,
bu t th e  Sgi ’c y c l i c ’ mechanism may g iv e  any sequence from s t e r i c  to
p o la r  ( th e se  su g g es tio n s  a re  confirm ed by th e  v a rio u s  r a t e  sequences
shown in  T ab le  1.4? page 30)*
We have o b ta in ed  sequences f o r  th e  r e a c t io n  o f t e t r a a l k y l t i n s
w ith  m ercuric  c h lo r id e  in  so lv e n ts  85$:, 96$ and 100$ m ethanol. The r a t e
(29)sequence fo r  th e  same re a c t io n  in  t - b u t a n o lv '  a re  g iv en  in  T able  4«5* 
T here i s  no ev idence o f a p o la r  p a r t  o f th e  sequence a r i s in g  along  th e  
so lv e n t s e r ie s  % 85$ , 96$, 100$ MeOH, t-BuOH. T h is  c o n c lu s iv e ly  shows 
th a t  th e  o r ig in a l  id e a  o f G ie len  and W asie lsk i must be in c o r r e c t .  We 
have shown th a t  in  aqueous m ethano lic  s o lv e n ts , th e  mechanism i s  always 
EL,2 and h en ce -acco rd in g  to  Abraham and H i l l ^ ,  a s t e r i c  sequence shouldhi
o b ta in . A ll our r e s u l t s  suggest t h a t  t h i s  i s  th e  ca se .
F u r th e r  ev idence fo r  an S_2 mechanism i s  o b ta in ed  by changing
th e  p o te n t ia l  an io n  o f th e  a t ta c k in g  re a g e n t. As th e  p o te n t ia l  an ion
becomes more and more io n ic ,  u n t i l  i n  th e  end i t  i s  com pletely  d is s o c ia te d ,
so r a t e  by mechanism EL, 2 should  in c re a s e  c o n tin u o u s ly . T able  4*6 shows
th e  r a t e  c o n s ta n ts  f o r  th e  r e a c t io n s  o f t e t r a e t h y l t i n  w ith  HgX^ (X * I ,
C l, OAc) in  so lv e n ts  100$, 98$ and 85$ m ethanol, a t  40°C. The v a lu e s
( 29)fo r  th e  r e a c t io n s  w ith  Hgl^ and Hg(0Ac)2  in  100$ m eth an o l' '  a re  c o r r ­
e c te d  from 25°C to  40°C, assum ing a tw o -fo ld  in c re a s e  in  r a t e  w ith  each
o10 C r i s e  in  tem p e ra tu re .
TABLE 4.5
RATE COUSTARTS FOR THE REACTION OF TSTRAETHYLTIN 
WITH VARIOUS MERCURIC SALTS AT 40°C
S a lt So lven t $  MeCH 100 96 85
H gl2 k402 = , o .468<29> 1 . 7 6 7 ^ 1.469
HgCl2 k f = 0 .666 1.149 4.213
I-Ig(0Ac)2 k f
4 °
121 .5 ( 29)
-1 -1 i n  l*m ole. min.
152.7 240.2
T able  4«5 shows th a t  as th e  io n ic i ty  o f th e  mercury s a l t  in c ­
reases*  th e  seco n d -o rd er r a t e  c o n s ta n t in c re a s e s  and th e  same e f f e c t  i s  
observed in  a l l  th r e e  so lv en t m ix tu res  s tu d ie d .
These r e s u l t s  a re  in  agreement w ith  th e  requ irem en t o f S^2 mech­
anism  th a t  th e  r a t e  should  in c re a s e  as th e  p o te n t ia l  an ion  o f th e  a t ta c k ­
in g  re a g en t becomes more io n ic .  The r a t e  in c re a s e s  going  from 1Q0$> 
to  Z j f o  methanol a re  in  agreement w ith  th e  H ughes-Ingold p re d ic t io n  o f 
so lv e n t e f f e c t s ,  th a t  fo r  r e a c t io n s ,  go ing  from  a r e l a t i v e l y  non­
p o la r  ground s t a t e  to  a p o la r  t r a n s i t i o n  s t a t e ,  th e  r a t e  should  in c re a s e  
w ith  in c re a s in g  p o la r i ty  o f th e  s o lv e n t .
These r e s u l t s  a re  f u r th e r  ev idence fo r  th e  proposed mechanism of 
th e  r e a c t io n s  o f  t e t r a a l k y l t i n s  w ith  m ercuric  c h lo r id e  in  v a r io u s  meth­
anol ^ ~water m ix tu res .
C. Geometry o f th e  T r a n s i t io n  S ta te  
The proposed 3^2 mechanism fo r  th e  r e a c t io n  can have two con-XJ
f ig u r a t io n s  in  th e  t r a n s i t i o n  s t a t e  as shown in  F ig u res  1 .6  and 1.7 -
(page 15 ) .  I t  was m entioned in  th e  in tro d u c tio n  (page 15 ) t h a t  fo r  
t r a n s i t i o n  s t a t e  ( i i )  (F igure  1 . 7) th e  e n e r g e t ic a l ly  optimum angle  between
As th e re  a re  no
ex cess  o f e le c tro n s  i n  co m p etitio n  f o r  th e  t r a n s f e r r e d  bonding o r b i t a l  
th e n  t h i s  might favou r t r a n s i t i o n  s t a t e  ( i i )  i . e .  f o r  r e a c t io n s  to  p ro -
th e  e n te r in g  and le a v in g  groups i s  c lo se  to  7 7 ° * ^ ^
ceed w ith  predom inant r e te n t io n  o f c o n f ig u ra tio n . In  a l l  c a se s  where
/ ‘JA —*“1
s te reo ch em ica l in v e s t ig a t io n s  have been c a r r ie d  out '  th e  r e a c t io n s
(25)have proceeded w ith  com plete r e te n t io n  o f c o n f ig u ra tio n . S pald ing  
concluded th a t  mechanism 1.7  was favoured  over 1 .6 . From th e  c lo se  
s im i l a r i t y  o f th e  r e a c t io n s  under s tu d y  w ith  th o se  o f S p a ld in g ’s and th e  
above s ta te d  f a c t s ,  i t  i s  concluded th a t  th e  favoured  t r a n s i t i o n  s t a t e  i s  
o f th e  type  %
*(}■)
Sh
y ' l \
/
4 .9
A \  s w
^H g Cl
Cl
D. A c tiv a t io n  P aram eters  fo r  th e  R eac tio n s  o f T e t r a a lk y l t in s  
w ith  M ercuric C h lo rid e  in  S o lv en ts  100$, 96$ and 85$  Methanol
The a c t iv a t io n  param ete rs  f o r  th e  r e a c t io n s  o f  t e t r a a l k y l t i n s  
w ith  m ercuric  c h lo r id e  in  so lv e n ts  100$, 96$ and. 85$ m ethanol were c a lc ­
u la te d  as d e sc rib e d  in  S e c tio n  10 H. (page201 ) .
The e q u a tio n  r e l a t i n g  th e  r a t e  c o n sta n t to  th e  a c t iv a t io n  para-
(95)m eters i s  d e riv ed  from  th e  t r a n s i t i o n  s t a t e  th e o ry . '
J
The t r a n s i t i o n  s t a t e ,  Tr , i s  co n sid ered  to  be in  e q u ilib r iu m  
w ith  th e  r e a c ta n ts  acco rd in g  to  e q u a tio n  4«10.
111
A + B —
/ ^  4 .10
ipr ------------- pr0 (iuct s
where i s  th e  e q u ilib r iu m  c o n s ta n t f o r  a c t iv a t io n .  The
a o t iv a t io n  f r e e  energy , e n th a lp y  and en tro p y ,A G ^ ,A H ^  and r e s p e c t -
i
iv e ly  a re  r e la te d  to  Kr  by th e  fo llo w in g  eq u a tio n s  :
& < /  = -  RT In  4.11
A H^  -  )  4#12
4 .1 3 .
The r a t e  c o n s ta n t, k , which i s  equal to  th e  r e a c t io n  r a t e  d iv ­
ided  by th e  c o n c e n tra tio n s  o f  th e  r e a c ta n ts  i s  th e n  g iven  by eq u a tio n  
4 .1 4 .
k = KF I f  
h
-&G^ -A f f /E T  ASVR 4 .14
-  w-  *±. e RT = KP e .eh —rh
The a c t iv a t io n  param ete rs  c a lc u la te d  acco rd ing  to  e q u a tio n  4*14 
a re  summarised in  T ab les  4*6, 4*7 and. 4*8, f o r  r e a c t io n s  in  100$, 96$ and 
85$ m ethanol r e s p e c t iv e ly .
The r e s u l t s  in  T ab les  4«5> 4*6 and 4*7 allow  a c o n s id e ra tio n  of 
th e  r e l a t i v e  im portance of en tro p y  an d © h -th ^ lp y e ffec ts . From T able
4*7 i t  can be seen  th a t  changing th e  a lk y l groups from m ethyl to  n -b u ty l
_<j
in c re a s e s  th e  f r e e  energy o f a c t iv a t io n  by 4*78 k  c a ls .m o le . T h is
-1 *i s  composed e f  a Change o f 5*14 k  c a ls .m o le . i n  t h i  a c t iv a t io n  e iith a lp y ^ .
—1 . Jibut on ly  -  0 .3 6  k  ca ls .m o le*  in  th& v a lu b .o f  -  TA S , and . th e  same t te h d
i s  observed in  th e  o th e r  s o lv e n ts .  T h is  would i n d i c a t e 't h a t  th e .re a - r
& . -
c t io n  of t e t r a a l k y l t i n s  h i th  m ercuric  c h lo r id e  a re  e n th a lp y  c o n tro l le d ,  
i . e .  th a t  th e  a c t iv a t io n  e n tro p ie s  a re  due m ainly to
TABLE 4*6
ACTIVATION PARAMETERS* FOR THE REACTIONS OF 
TETRAALKYLTINS WITH MERCURIC CHLORIDE IN 100$ METHANOL
R.Sn R * 4
Me E t n -P r n-Bu iso-B u
**. 1
^ G298 * 
k c a l.m o le .
17.190 20.830 21.820 21.830 23.040
^ 2 9 8 10.600 14.350 15.100 14.700 16.160
k  c a l.m o le .
p>
sO CO
II -2 2 .1 0 -21 .73 -22 .53 -23.91 -2 3 .0 8
c a l.d eg .^ m o le .^
> It 6.590 6.480 6.720 7.130 6.880
-1k c a l.m o le .
TABLE 4>7
ACTIVATION .PARAMETERS FOR THE REACTIONS OF 
TETRAALKYLTINS WITH MERCURIC CHLORIDE IN 9 6 %  METHANOL
R^Sn R = Me Et n -P r n-Bu iso-B u
A G 298
-1k c a l.m o le .
16.890 20.450 21.470 21,520 22.720
-1k c a l.m o le .
- 9.640 13.150 13.840 14.140 16.190
A S298
c a l .d e g .  mole.^
-2 3 .6 5 -2 4 .4 8 -25 .60 -2 4 .7 5 -21 .90
-T A.S'
--j
k  c a l.m o le .
7.050 7.30 7.630 7.380 6.530
TABLE 4.8
ACTIVATION PARAMETERS FOR THE REACTIONS OF 
TETRAALKYLTINS VJITH MERCURIC CHLORIDE IN 85# METHANOL
R.Sn R = 
4
Me E t n -P r n-Bu iso -B u
4^G298 s 16.070 19.650 20.730 20.850 22.100
k  c a l .m o le ,1
AH298 - 8.340 12.450 12.770 13.480 15-350
k c a l.m o le .
A S298 * -25-93 - 24.12 -26.70 -2 4 .7 3 -2 2 .6 5
c a l .d e g .  mole -1•
-T A S^ 7.730 7.200 7.960 7.370 6.750
-1
k c a l.m o le .
*
A ll a c t iv a t io n  param ete rs  in  th e  above ta b le s  a re r e f e r r e d
to  r T -  298.15°K.
**
E stim a ted  e r ro r s in  th e  a c t iv a t io n  p aram eters  a re shown on
pages £ 0 4 , 207 , 214 , 219 , 229
th e  s o lv a t io n  o f m ercuric  c h lo r id e  in  th e  ground s t a t e  going  to  form  th e  
t r a n s i t i o n  s t a t e ,  and t h i s  f a c to r  i s  no t changed w ith  change o f th e  a lk y l 
group o f  th e  s u b s t r a te .
Comparison o f th e  a c t iv a t io n  param eters f o r  th e  r e a c t io n s  in
(  25)96% m ethanol w ith  th o se  o f  S pa ld ing  '  fo r  th e  r e a c t io n s  w ith  m ercuric  
io d id e  in  96$-m ethanol (T able 1 .8 , page 3$ ) show th a t  in  a l l  c a se s  th e  
a c t iv a t io n  e n th a lp y  i s  l a r g e r  and th e  a c t iv a t io n  en tro p y  l e s s  n e g a tiv e  
f o r  th e  r e a c t io n s  w ith  m ercuric  c h lo r id e .  These r e s u l t s  would im ply 
(a s  d isc u sse d  page 88) th a t  m ercuric  c h lo r id e  i s  more so lv a te d  in  th e
ground s t a t e  th a n  m ercuric  i o d i d e .>
The a c t iv a t io n  f r e e  energy f o r  each a lk y l group show th e  tre n d s
( 6 2 )p re d ic te d  hy th e  H ughes-Ingold th e o ry  o f so lv en t e f f e c t .  '  Hhen th e  
d i e l e c t r i c  c o n s ta n t (o r  p o la r i ty )  o f th e  medium i s  in c re a s e d , th e n  fo r  
re a c t io n s  p roceed ing  hy r e l a t i v e l y  n o n -p o la r  r e a c ta n ts  to  a p o la r  t r a n s ­
i t i o n  s t a t e  th e  f r e e  energy of a c t iv a t io n  should  d e c re a se .
The magnitude o f th e  a c t iv a t io n  e n tro p ie s  a re  in  a l l  c a se s  con­
s i s t e n t  w ith  a  h im o lecu la r r e a c t io n  p roceed ing  from n o n -p o la r  r e a c ta n ts  
to  a p o la r  t r a n s i t i o n  s t a t e  as was d iscu ssed  f o r  th e  case  of t e t r a e t h y l -  
t i n  (page 88 ) .
E. Summary o f  Evidence f o r  th e  Proposed Mechanism 
o f th e  R eac tio n  Between T e t r a a lk y l t in s  and M ercuric 
C h lo rid e  in  V arious M ethanol-W ater M ixtures 
The ev idence f o r  th e  mechanism of th e  r e a c t io n  between t e t r a ­
a lk y l t in s  and m ercuric  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res  can 
he summarised as fo llo w s s
a) The r e a c t io n  betw een R^Sn and HgClg i s  h im o le c u la r .
h) The sequences of r e l a t i v e  r a t e s  in  so lv e n ts  100$>, 9 6 %  and methanol
a re  c o n s is te n t  w ith  an S„2 mechanism.E
c) V a r ia t io n  o f  th e  p o te n t ia l  an ion  o f th e  a t ta c k in g  re a g en t in c re a s e s  th e  
r a t e  w ith  in c re a s in g  io n i c i t y  o f th e  re a g e n t, i n  accord  w ith  th e  r e q u ir e ­
ments o f  an S„2 mechanism.
d) The f r e e  e n e rg ie s  o f a c t iv a t io n  d ecrease  w ith  in c re a s in g  p o la r i ty  o f 
th e  medium, su g g es tin g  a change from r e l a t i v e l y  n o n -p o la r  r e a c ta n ts  to  a 
t r a n s i t i o n  s t a t e  in  which charge s e p a ra tio n  o ccu rs .
e) The e n tro p ie s  o f a c t iv a t io n  a re  c o n s is te n t  w ith  a h im o lecu la r r e a c t io n  
p ro ceed in g  from r e l a t i v e l y  n o n -p o la r  r e a c ta n ts  to  a p o la r  t r a n s i t i o n  s t a t e .
The above summary o f ev idence le a d s  to  th e  co n c lu s io n  th a t  th e
re a c t io n  between t e t r a a l k y l t i n s  and m ercuric  c h lo r id e  in  v a r io u s  m ethanol-
w a te r m ix tu res  p roceeds by th e  ’open* S_2 mechanism as shown 011 page 1 0 2 .E
'n o
S E C T I O N  V 
DISSECTION OF ACTIVATION PARAMETERS 
A. In tro d u c tio n
The purpose o f t h i s  s e c t io n  i s  to  in v e s t ig a te  more c lo s e ly  th e  
a c t iv a t io n  p aram eters  f o r  th e  r e a c t io n  o f t e t r a e t h y l t i n  w ith  m ercuric  
c h lo r id e  in  v a rio u s  m ethanol-w ater m ix tu res .
In  term s o f t r a n s i t i o n  s t a t e  th e o ry , th e  so lv en t e f f e c t  on 
any a c t iv a t io n  param eter can he co n sid e red  as th e  r e s u l t a n t  o f th e  so lv e n t 
e f f e c t  on th e  ground s t a t e s  o f th e  v a rio u s  r e a c ta n ts  and th e  so lv en t e f f e c t
on th e  t r a n s i t i o n  s t a t e .  I f  P sym bolizes any thermodynamic p ro p e r ty ,
we may w r ite  s
5 - 1
where T and I  re p re s e n t  t r a n s i t i o n  and ground s t a t e s  r e s p e c t­
iv e ly .  T h is  s ta tem en t (5»1) i s  shown q u a l i t a t iv e ly  in  F igu re  5*1
th e  f r e e  energy o f t r a n s f e r  o f a r e a c t io n  from so lv en t 1 (lOOfo MeOH) to
so lv e n t 2 (85$ MeOH).
W ith th e  use of eq u a tio n  5*1 i i  i s  th u s  th e o r e t i c a l l y  p o s s ib le  
to  d is s e c t  th e  a c t iv a t io n  param eters  fo r  a r e a c t io n  c a r r ie d  out i n  v a r io u s  
s o lv e n ts  to  o b ta in  in fo rm a tio n  as to  th e  way t h i s  so lv e n t change a f f e c t s  
th e  n a tu re  o f th e  t r a n s i t i o n  and ground s t a t e s .
B. S o lven t E f fe c ts  on th e  F ree Energy o f A c tiv a t io n
The d is s e c t io n  o f th e  f r e e  energy o f  a c t iv a t io n  o f a r e a c t io n  
acco rd in g  to  e q u a tio n  5*1 r e q u ire s  d e te rm in a tio n  of th e  changing a c t i v i t y  
c o e f f ic ie n t ,  o f th e  ground s t a t e  as a fu n c tio n  o f medium.
The fo llo w in g  d is c u s s io n  r e l a t e s  to  th e  d is s e c t io n  o f th e  f r e e  
e n e rg ie s  o f a c t iv a t io n  o f th e  r e a c t io n  between t e t r a e t h y l t i n  and m ercuric
The change in activation free energy for 
transfer of a reaction from methanol to 
55yS methanol.
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c h lo r id e  on t r a n s f e r  from methanol to  v a rio u s  m ethano l-w ater m ix tu res .
The f r e e  energy of t r a n s f e r  o f th e  ground s t a t e  o f th e  re a c ­
t a n t s  (Ac® (i))  i s  composed o f th e  sum o f th e  f r e e  e n e rg ie s  o f  t r a n s f e r  
1
from methanol to  m ethanol-w ater m ix tu res  o f t e t r a e t h y l t i n  and m ercu ric  
c h lo r id e  s
A G °>2( I )  = AG°>2(E t4Sn) + A G °^(H gC l2)
The v a lu e s  o f th e  f r e e  energy of t r a n s f e r  o f m ercuric  c h lo r id e  
(97)were determ ined hy O liv e r  7 from s o lu b i l i t y  m easurem ents. O liv e r  d e t­
erm ined th e  va lue  o f  th e  a c t i v i t y  c o e f f ic ie n t  o f m ercuric  c h lo r id e  in  9 S f o  
m ethanol, and used i t  to  determ ine th e  v a lu e  o f  P , in  th e  eq u a tio n  5*2 
where P i s  th e  s o lu te - s o lu te  in te r a c t io n  p aram ete r.
l0 g1Qf  = P .fH g C ip  5 .2
He o b ta in ed  a v a lu e  fo r  P o f - 0 .1 87 in  96$ m ethanol a t  25°C. T h is  com-
(98)p a re s  w ith  a v a lu e  o f P o f -0 .2 0 3  o b ta in e d , in  w a te r , by L in h a r t .
sThe v a lu e s  o f th e  a c t i v i t y  c o e f f i c i e n t ,  f  , f o r  s a tu r a te d  s o lu tio n s  o f 
m ercuric  c h lo r id e  i n  v a r io u s  m ethanol-w ater m ix tu res  were determ ined  u s in g  
th e  average v a lu e  o f  O l iv e r 's  and L in h a r t !s v a lu e  o f  P (-0 .1 9 5 ) and O liv e r ’s 
v a lu e s  o f th e  s o l u b i l i t i e s  in  e q u a tio n  5*2. The a c t i v i t y  o f s a tu ra te d  
s o lu t io n s  o f m ercuric  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res  was d e t­
erm ined, and th e  v a lu e s  o f th e  f r e e  e n e rg ie s  o f t r a n s f e r  of m ercuric  c h lo r ­
id e  were c a lc u la te d  acco rd ing  to  e q u a tio n  5*3*
AG°^(HgCl2) = 2.3026 ET lo g ^ a ^ /V ;)  5-3
Xwhere a Q i s  th e  a c t i v i t y  of m ercuric  c h lo r id e  as  a s a tu ra te d
s o lu t io n  in  so lv en t x , and aX = f X.fH g C lJ X* . . s ■ s u 2* s
The r e s u l t s  a re  shown in  T able 5*1*
TABLE 5 .1 '
FREE ENERGIES OF TRANSFER OF MERCURIC CHLORIDE
FROM METHANOL TO METHAHOL-ffATER MIXTURES
Mole f r a c t io n
H2° V
C n g c g
m o le .l .
f s a 3 -1m o le .l .
^ ( H g C l g )
c a ls .m o le .
0.001 1.768 0 .452 0.7993 0
'0 .044 1.801 0.445 0.8022 -3
0.086 1.835 0 .439 0.8050 -4
0 .126 1.870 0.432 0.8075 -6
0.200 1.976 0.412 0.8137 -11
0.220 2.149 0.381 O.8188 -14  .
0 .242 2.498 0 ,326 O.8138 -11
0.262 2.406 0 .339 O.8166 -13
0 .284 2.244 0 .365 0.8193 -15
0 .360 2.041 0.400 0.8162 -12
0 .490 1.438 0 .524 0=7539 35
0.547 1.075 O.617 0.6635 110
0.612 0 .908 O.665 0.6038 166
0.800 0.411 0 .832 0.3416 504
0 .892 0 .312 0.870 0 .2709 641
1.000 0.262 O.889 0.2326 731
The f r e e  e n e rg ie s  o f t r a n s f e r  of t e t r a e t h y l t i n  were determ ined  
as d e sc rib e d  in  S e c tio n  18§ from th e  d e te rm in a tio n  o f  th e  H enry’ s Law 
c o n s ta n ts  o f  t e t r a e t h y l t i n  in  v a r io u s  m ethano l-w ater m ix tu res . These 
r e s u l t s  were combined w ith  th o se  o f  O liv e r  (T able 5»1) o b ta in  th e  
v a lu e s  o f A G ^ ^ g (l) . (The eq u a tio n s  used f o r  th e  c a lc u la t io n  o f
M|
fo r  Et^Sn and HgCl^are d e riv ed  in  S e c t io n -  5 K g ;  g a g e  1 $ ^ )
The a c t iv a t iv a t io n  f r e e  e n e rg ie s  were th o se  o b ta in ed  f o r  th e
re a c t io n  betw een t e t r a e t h y l t i n  and m ercuric  c h lo r id e  in  v a r io u s  m ethanol-
1
w ater m ix tu res , shorn in  T able 10.9  (page 2 0 ^ ) .  The v a lu e s  o f A G ^ ^ , 
fox' t r a n s f e r  from m ethanol ( l )  to  m ethanol-w ater m ix tu res  (2) were c a lc ­
u la te d .  KnowingAG^^, and A g ^ ( i )  i t  was p o s s ib le  to  c a lc u la te  th e  
v a lu e s  o f th e  f r e e  energy o f t r a n s f e r  o f th e  t r a n s i t i o n  s t a t e ,  A  G^_^(T) 
from e q u a tio n  5*1 • The r e s u l t s  a re  shown in  T ab le  5*2, and g ra p h ic a l ly  
in  F ig u re  5*2.
TABLE 5-2
DISSECTION OF THE ACTIVATION FREE ENERGY OF TRANSFER 
INTO GROUND STATE AND TRANSITION STATE CONTRIBUTIONS
-  , ****
MeOH Xg A  G °^(H gC l2) A G °^ (E t4Sn)AG°>2( l ) A G ^  A G °^ (T )
ca ls /m o le  ca ls /m o le  c a ls /m o le  ca ls /m o le  ca ls /m o le
100 0.001 • 0 0 0 0 0
98 0 .044 -  3
. ** 162 159 -185 -26
9 6 0 .086 -  4
■**
312 308 -378 -70
94 0 .126 -  6 456 450 -534 -84
90 0.200 -11 726 715 -846 -131
85 0.284 -15 967 952 -1180 -228
80 0 .360 -12 1200 1188 -1465 -277
70 0 .490 35 1553 1588 -1974 -386
0 1.000 731 6622* 7353
*■**
-4030 +3323
* -  R ef. 99
** -  I n te rp o la te d  from graph o f  A G ° ^ ( E t  Sn) v s . X^ q
J  2
*** _ E x tra p o la te d  from graph o f  A g^ . ,  v s . X  ^ q
**** -  E r ro r  in  A G ° 0 (t ) 100 ca l.m o le .^1*>2
f i g u r e  ;?.<£.
D is s e c t io n  of A c t iv a t io n  Dree E n e rg ie s  i n to
Ground and ' t r a n s i t i o n  S t a t e  C o n t r ib u t io n s
1; ->2
cals.mole
6000
'5000
2000
1.000
,rt
1000
2000
Cl
toe}
1 . 0  X,0.2 0 . 6 0 . 80
The r e s u l t s  in  Table 5*2 show th a t  bo th  th e  ground s t a t e  and
th e  t r a n s i t i o n  s t a t e  make s ig n i f ic a n t  c o n tr ib u tio n s  to  th e  a c t iv a t io n  f r e e
energy . As was s ta t e d  p re v io u s ly  (page 8 6 )  th e  a c t iv a t io n  f r e e  energy
decreased  w ith  in c re a s in g  d i e l e c t r i c  c o n sta n t o f th e  medium as p o s tu la te d  
( 62^by In g o ld . '  However, T able  5°2 shows t h a t ,  i n  f a c t ,  t h i s  d ec rease  
i s  due to  th e  d if f e r e n c e  between two q u a n t i t i e s  whose changes w ith  d i e l ­
e c t r i c  c o n sta n t do no t decrease  r e g u la r ly .  In  f a c t ,  th e  f r e e  energy  
change o f th e  t r a n s i t i o n  s t a t e  w ith  in c re a s in g  mole f r a c t io n  o f w a te r , 
d e c rea se s  to  mole f r a c t io n  0 .5  and th e n  in c re a s e s  to  w a te r .
In c luded  in  F igu re  5*2 a re  th e  v a lu es  of A g° ^ ( T )  and A G°(|j-BuCl) 
f o r  th e  s o lv o ly s is  o f t - b u ty l  c h lo r id e  in  m ethanol-w ater m ix tu res . The 
r e s u l t s  o f th e  d is s e c t io n  a re  th o se  o f W inste in  and F a i r b e r g ^ ^  shown in  
T able 2.5? Pag® The b eh av iou r o f th e  Et^Sn/HgCl^ t r a n s i t i o n  s t a t e
i s  q u i te  com parable to  th e  t - b u ty l  c h lo r id e  t r a n s i t i o n  s t a t e  a t l e a s t  
from = 0 to  X ^  .  0 . 5 .
The f r e e  energy  d is s e c t io n  does no t allow  any com parison o f th e  
r e l a t i v e  p o l a r i t i e s  o f th e  ground and t r a n s i t i o n  s t a t e s .  A f u r th e r  d i ­
s s e c t io n  o f th e  f r e e  energy c o n tr ib u tio n s  to  th e  a c t iv a t io n  f r e e  energy  i s  
re q u ire d . T h is  i s  d iscu ssed  on page 135.
C. So lven t E f fe c ts  on th e  A c tiv a tio n  E n thalpy  
In  th e  same way as th e  a c t iv a t io n  f r e e  energy , th e  a c t iv a t io n  
en th a lp y  can be d is s e c te d  in to  i t s  ground s t a t e  and t r a n s i t i o n  s t a t e  con­
t r i b u t io n s  acco rd in g  to  e q u a tio n  5*4?
A lf c  = A H S il i T> - [ AHS , ^ V n) 5*4
where / \  H i s  th e  p a r t i a l  m olar h ea t of s o lu t io n ,  fo r  th e  t r a n -  s
s f e r  o f a component from methanol ( 1) to  v a r io u s  m ethano l-w ater m ix tu res  (2 ) .
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The h e a ts  o f s o lu t io n  o f t e t r a e t h y l t i n  and m ercuric  c h lo r id e  in  
v a r io u s  m ethanol-w ater m ix tu res were determ ined by Abraham^ The
e n th a lp ie s  o f t r a n s f e r  were c a lc u la te d  f o r  each r e a c ta n t  and th e  v a lu e s  
th u s  o b ta in e d . The v a lu e s  o f A  I i ^  were c a lc u la te d  from 
th e  a c t iv a t io n  e n th a lp ie s  shown in  T ab le  10.9 (page 2 0 4 ). (T)
S  ,  1 "fd
v a lu e s  were c a lc u la te d  from eq u a tio n  5«4* The r e s u l t s  a re  shown in  
T able  5*3 end th e  g ra p h ic a l r e p re s e n ta t io n  in  F ig u re  5*3*
The v a lu e s  o f A H g i n Table 5*3 a t  mole f r a c t io n s ,  q =
O.Q44> 0 .086 and 0 .126  a re  zero  w ith in  th e  ex p erim en ta l e r r o r  c a lc u la te d
TABLE 3*3
PIS SECTION OF THE ACTIVATION ENTHALPY OF TRANSFER 
INTO GROUND STATE AND TRANSITION STATE CONTRIBUTIONS
(loo) (Too) ' T
fo i ie o u  ah. ( E t a h s>1^ t )
-1 -1 -1 -1 01 -1 ~1c a l .m ole. c a l . m ole. c a l . m ole. c a l  • m ole. c a l . m ole. c a l  • mole. c a l . mole•
100 0.001 1830 0 -690 0 0 0 0
98 0 .044 2050 220 -280 410 630 -394 236
96 0.086 2145 315 165 855 1170 -1192 -22
94 0.126 2490 660 '395 1085 1745 -1925 -180
90 0 .200 2870 1040 1050 1740 2780 -2003 777
85 0 .284 3300 1470 1750 2440 3910 -1892 2018
80 0.360 3630 1800 2120 2810 4610 -2057 2553
70 0.490 4130* 2300 2550 3240 5540 -2115 3425
* -  e x tra p o la te d  v a lu e .
from th e  e r r o r s  in  d e te rm in in g  th e  h e a ts  of s o lu t io n  o f  th e  r e a c ta n ts  and 
th e  a c t iv a t io n  e n th a lp ie s  ( e r r o r  in  A H g ^(g) ± 200 c a ls .m o le . ) .  Thus
i t  i s  p o s s ib le  th a t  th e  v^-lue o f AHg jjT^ rem ains s e n s ib ly  zero  to  so lv en t
D is s e c t io n  of  A c t iv a t io n  E n th a lp ie s  i n to
Ground and ' t r a n s i t i o n  6*cate C o n b r ih u t io n o •
ii (n)
cals.mole 
•5000  ■
4000
HgCl
’JUti.Sn2000
1000
1000 V
2000
3000
0 . 1 0.2 0 .3 0 . 6"
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com position  92% m ethanol.
Although, th e  a c t iv a t io n  e n th a lp y  d e c rea se s  w ith  in c re a s in g  
p o la r i ty  o f th e  medium, as  i s  q u a l i t a t i v e ly  p re d ic te d  by Hughes and I n -  
g o ld , ' i t  can be seen th a t  t h i s  decrease  i s  composed o f th e  d if f e r e n c e s  
betw een two p o s i t iv e ly  in c re a s in g  q u a n t i t i e s ,  th e  e n th a lp ie s  of t r a n s f e r  
o f . th e  ground s t a t e  and th e  t r a n s i t i o n  s t a t e .
In c lu d ed  in  F ig u re  5*3 i s  th e  graph of v s . and
T able  5 .4  g iv e s  th e  v a lu e s  o f ^ g B r)  fo r  th e  t r a n s f e r  from m ethanol
to  m ethano l-w ater m ix tu res .
TABUS 5 .4
ENTHALPIES OF TRANSFER OF KBr FROM METHMOL TO HATER
■ \ o  AHB(KEr) .
cals .m o le*  c a ls .m o le .
0 870 0
0.165 2020 1150
0.306 2820 1950
0.433 3530 2660
0.543 4070 3200
0 .639 4550 3680
0 . 7 2 1 4950 4080
0 .806 5150 4280
0 .877 5230 4360
0.941 5050 4180
. 1.000 4780 3910
, I t  can be seen from th e  graphs o f F ig u re  5*3 th a t  th e  e n th ­
a lp ie s  of t r a n s f e r  g ive  no in fo rm a tio n  as to  th e  r e l a t i v e  p o l a r i t i e s  of
th e  ground and t r a n s i t i o n  s t a t e s , th e  graph o f ICBr ly in g  between th o se  o f 
t e t r a e t h y l t i n  and m ercuric  c h lo r id e . Potassium  bromide be in g  a 1s1 
e l e c t r o l y t e ,  t e t r a e t h y l t i n  be ing  n o n -p o la r and m ercuric  c h lo r id e  be in g  
d ip o la r ,  i t  can be seen  th a t  th e  e n th a lp ie s  o f  t r a n s f e r  do no t depend on 
th e  charge type  o f th e  sp ec ie s  in v o lv ed . Thus th e  only  c o n c lu s io n  th a t  
can be reached  i s  th a t  th e  change in  a c t iv a t io n  en th a lp y  w ith  so lv en t com­
p o s i t io n  i s  due to  la rg e  changes in  th e  e n th a lp ie s  o f  s o lu t io n  o f bo th  
th e  ground and th e  t r a n s i t i o n  s t a t e s .
E* So lven t E f f e c ts  on th e  A c tiv a tio n  E ntropy  
Having d is s e c te d  th e  a c t iv a t io n  f r e e  e n e rg ie s ,  and e n th a lp ie s  
in to  t h e i r  ground and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s  i t  i s  now p o s s ib le  to  
d is s e c t  th e  e n tro p ie s  o f a c t iv a t io n  f o r  t r a n s f e r  from methanol to  v a r io u s  
m ethano l-w ater m ix tu res  acco rd ing  to  eq u a tio n s  5*5 and 5*6 s
-  A S s M  5 .5
29^.15
where M = Et^Sn and HgCl^. Knowing th e  e n tro p ie s  o f t r a n s f e r  
o f  th e  ground s t a t e ,  th e  t r a n s i t i o n  s t a t e  c o n tr ib u tio n  i s  o b ta in ed  from 
eq u a tio n  5.6*
+4 Ss,li?Vn).
The r e s u l t s  a re  shown in  T ab les 5*5 j 5«6 and 5*7> and graph­
i c a l l y  in  F ig u re  5°4*
I t  i s  i n t e r e s t i n g  to  compare th e  en tropy  o f t r a n s f e r  o f th e  
t r a n s i t i o n  s t a t e  from  methanol to  m ethanol-w ater m ix tu res  w ith  th e  e n tro p ie s  
of t r a n s f e r  of a 1:1 e l e c t r o ly te  and a n o n -e le c t r o ly te .  T ab les 5*8 and 
5*9 show th e  e n tro p ie s  o f t r a n s f e r  o f potassium  b ro m id e ^ * ^  and a r g o n ^ ^ V  
from m ethanol to  w a te r r e s p e c t iv e ly .  The v a lu es  f o r  po tassium  bromide
5 .6
D is s e c t io n  of A c t iv a t io n  E n t r o p ie s  i n t o
Ground and T r a n s i t i o n  S t a t e  C o n t r ib u t io n
f A S ( M )  ,
s,1— >2,cals.deg. mole
1 A r
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TABLE 5*5
ENTROPY CHANGES FOR TRANSFER OF Et^Sn FROM 
METHANOL TO METHANOL-WATER MIXTURES
% MeOH V A O ^ E t ^ n )c a ls .m o le . c a ls .m o le . A S  . j E t  Sn) s?1-»2 4 1 _ . |ca ls .m o le  deg.
100 0.001 0 0 0
98 0.044 162 220 0 .2
96 0.086 312 315 0.01
94 0.126 456 660 0 .7
90 0.200 726 1040 1.1
85 0 .284 967 1470 1.7
80 0.360 1200 1800 2 .0
70 0.490 1553 2300 2 .5
TABLE 5 .6
ENTROPY CHANGES FOR TRANSFER OF HgCl0 FROM
METHANOL TO METHANOL-NATER MISTURES
$  MeOH \ z o A G °^2 (H g C y
c a ls .m o le .
AHs , 1 ^ 2 >
cals.m ol§ i.
A sS j i ^ hsC12) 
c a ls .m o le . deg.
100 0.001 0 0 0
98 0.044 -  3 410 1 .4
96 0 .086 - 4 855 2 .9
94 0.126 -  6 1085 3 .7
90 0.200 -11 1740 5 .9
85 0.284 -15 2440 8 .2
80 0.360 -12 2810 9 .5
70 0.490 35 3240 10.8
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TABLE 5.7
DISSECTION OF ACTIVATION ENTROPIES OF TRANSFER 
INTO GROUND ADD TRANSITION STATE CONTRIBUTIONS
^ M80H V
cals .m o le*  deg. c a ls .m o le . deg . c a ls .m o le . deg.
100 0.001 0 0 0
98 0.044 -0 .7 1.6 0 .9
96 0.086 - 2 .8 2 .9 0.1
94 0.126 -4 .7 4 .4 -0 .3
90 0.200 - 3 .9 7 .0 3.1
85 0 .284 -2 .4 9 .9 7 .5
80 0.360 - 2.0 11*5 9 .5
70 0.490 - 0 .5 13.3 12.8
* -  e r r o r i n  ^ s s ?ii?P ± 1 cal.m oleT  
TABLE 5 .8
aeg .
ENTROPIES OP TRANSFER FOR POTASSIUM BROMIDE PROM METHANOL TO ¥ATER
^ g O  A S s (lCBr) e .u .  A S s 1| i p r )  e .u .
0 - 12.8  0
0.165  -  6 .4  6 .4
0.306  0 .3  13.1
0.433 6.1 18.9
0 .543  10.6  23.4
0 .639  14.1 26.9
0.727 17-0 29.8
0 .806  19.0  31.8
O.877  20 .4  33 .2
0.941 21 .0  33 .8
1.000 21 .4  34 .2
and argon a re  compared w ith  th o se  o f  th e  t r a n s i t i o n  s t a t e  in  F ig u re  5*5*
I t  can he seen from F ig u re  5*5 th a t  th e  en tro p y  changes on 
t r a n s f e r  from m ethanol to  m ethanol-w ater m ix tu res o f th e  t r a n s i t i o n  s t a t e ,  
co rrespond  more c lo s e ly  to  th o se  o f po tassium  bromide th a n  to  th o se  o f 
argon . T h is in d ic a te s  th a t  th e  so lv en t e f f e c t  on th e  t r a n s i t i o n  s t a t e  
co rresponds more c lo s e ly  to  th e  so lv e n t e f f e c t  on an e le c t r o ly te  th a n  on
TABLE 5*9
ENTROPIES OF TRANSFER OF ARGON FROM METHANOL TO WATER
x» o  A s  M?)*Hou s ,142
0 0
0.1 0 .05
0 .2 0 .3
0 .3 0 .2
0 .4 0 .7
0 .5 0 .06
0 .6 -  0 .4
0 .7 -  1.7
0 .8 -  3 .8
0 .9 -  6 .9
1.0 -1 1 .4
a n o n - e le c tr o ly te  i . e .  t h a t  th e re  i s  some charge s e p a ra t io n  in  th e  t r a n s ­
i t i o n  s t a t e .  T h is  co n c lu s io n  i s  e n t i r e ly  q u a l i t a t iv e  as can be seen  on 
re fe re n c e  to  F ig u re  5*4j where A S .(T ) i s  l e s s  th a n  A S  ,,(§gCl0) UPS, l S, I c.
q 0 .3 6 , a lth o u g h  as was su g gested  in  S ec tio n s  3 and 4? th e  charge 
s e p a ra t io n  in  th e  t r a n s i t i o n  i s  g r e a te r  th an  th a t  o f  HgCl^ in  th e  ground
Dntropy Changes 011 'transfer from .Methanol 
to Water of KBr, Ar and 1M
s,1— >2
, cals. degT imoi.e~
2 5
( K ( + ) + B r ( “ b
2 0
15-
10
0
- 5
- 1 0
I A®4*9 A*
1.0 XHo 0
s t a t e ,  f o r  a l l  th e  so lv en t .m ixtures s tu d ie d .
F u r th e r  re fe re n c e  to  F ig u re  5*4 shows t h a t ,  a lthough  th e  en­
tro p y  changes on t r a n s f e r  o f HgClg and th e  t r a n s i t i o n  s t a t e  a re  n o t th e  
same, th e y  a re  s u f f i c i e n t ly  c lo se  to  suggest th a t  th e re  i s  l i t t l e ,  i f  any, 
change in  th e  s p e c i f ic  s o lv a t io n  on going  from th e  ground s t a t e  to  th e  t r a n ­
s i t i o n  s t a t e ,  i . e .  th e  s o lv a t io n  o f th e  t r a n s i t i o n  s t a t e  resem bles v e ry  
c lo s e ly  th a t  o f m ercuric  c h lo r id e .
E. Summary o f D is se c tio n  o f A c tiv a tio n  P aram eters
The p rev io u s  th re e  s e c t io n s  (5 C ., D .) have d e a l t  w ith  th e
d is s e c t io n  o f th e  v a r io u s  a c t iv a t io n  param eters in to  t h e i r  ground and t r a n ­
s i t i o n  s t a t e  c o n tr ib u t io n s .  The r e s u l t s  a re  summarised in  T able  5*10.
TABLE 5.10
DISSECTION OF ACTIVATION PARAMETERS INTO THEIR 
GROUND AND TRANSITION STATE CONTRIBUTIONS
v
a r L
A s i * e
A g° J i )
AH (I  s ,
A G U T) =
AH (T
100 98 96 94 90 85 80 70
0.001 0.044 0.086 0 .126 0.200 0.284 0.360 0 .490
0 -  185 -  378 -  534 -  846 -1180 -1465 -1974
0 -  394 -1192 -1925 -2003 -1892 -2057 -2115
0 -  0 .7 -  2 .8 -  4 .7 -  3 .9 -  2.4 -  2 .0 -  0 .5
0 159 308 450 715 952 1188 1588
0 630 1170 1745 2780 3910 4610 5540
0 1.6 2 .9 4 .4 7 .0 9 .9 11.5 13.3
0 -  26 -  70 -  84 -  131 -  228 -  277 -  386
0 236 -  22 -180 777 2018 2553 3425
0 0 .9 0.1 -  0 .3 3.1 7 .5 9 .5 12.8
—1 —1 —1* -  v a lu e s  o f  AG and AH  in  c a ls .m o le . j v a lu e s  o f  A S  in  c a ls .d e g .  mole.
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As was mentioned in  th e  in tro d u c t io n  (page 67 )> th e  only  
pu b lish ed  r e s u l t s  o f th e  d is s e c t io n  o f therm odynam ic  param eters  f o r  t r a n ­
s f e r  from one so lv en t to  a n o th e r , in  which a l l  n in e  p a ram eters  a re  g iv en ,
(59)a re  th o se  o f A rn e tt e t  a l .  '
T h e ir  d is s e c t io n  was f o r  th e  S^1 s o lv o ly s is  o f t - h u ty lc h lo r id e  
in  v a r io u s  e th a n o l-w a te r  m ix tu res . V alues o f A G ° ^ l )  in  th e  so lv en t 
range below 40$ e th an o l have no t been ob ta in ed  due to  th e  d i f f i c u l t y  in  
m easuring H en ry 's  Law c o n s ta n ts  a t  th e  same tim e as a s o lv o ly s is  r e a c t io n  
i s  o c cu rrin g i The r e s u l t s  a re  summarised in  T ab le  5*11 f o r  th e
t r a n s f e r  from e th an o l ( s o lv e n t ,1) to  aqueous e th an o l ( s o lv e n t ,2 ) .
TABLE 5-11
DISSECTION OF .ACTIVATION PARAMETERS INTO THEIR GROUND AND TRANSITION 
STATE CONTRIBUTIONS FOR THE SOLVOLYSIS OF t-BUTYL CHLORIDE
$ EtOH* = 100 90 80 70 60 50 40
.  ^ ** 
1-^2 a 0 -1750 -2770 -3580 -4300 -5030 -5870
= 0 -3380 -3790 -4230 -4460 -4500 -5810
= 0 -  5.5 -  3 .4 -  2 .2 -  0 .5 + 1 . 8 + 0 .1
a 0 450 1090 1590 2290 2890 3510
A E s M
= 0 670 1180 1570 1840 2440 3610
A S s , l i P a 0 0 .7 0 .3 -  0.1 -  1 .5 -  1 .5 0 .3
A g ° £ ) ' ® 0 -1300 -1640 -1990 -2010 -2140 -2360
EAi
"—
Ts.
V
"9k
w<! a 0 -2710 -2610 -2660 -2620 -2060 -2200
A S S , 1 ^ = 0 -  4 .8 -  3.1 -  2.3 -  2 .0 + 0 .3 + 0*4
o* -  so lv en t com position  -  volume p e rcen t a t  25 C.
—1 —■'j _ -j
** -  A G  and A H  in  c a ls .m o le . % A s  in  c a l .d e g . ,m ole.
\
( 57)A rn e tt e t  a l .  /  have shown th a t  th e  s o lv o ly s is  t r a n s i t i o n  
s t a t e  o f t - b u ty lc h lo r id e  resem bles io n ic  compounds o f  th e  type  such as 
trim eth y lsu lp h o n iu m  c h lo r id e , in  th e  h ig h -w a te r c o n ten t so lv en t re g io n  
(Xg q ^  0 .8 -0 .9 5 )*  T*16 p e r tu rb a tio n s  by th e  so lv en t in  th e  a lc o h o l - r ic h
re g io n  a re  no t r e a d i ly  n o tic e a b le  and d i r e c t  com parisons w ith  model com­
pounds a re  no t v e ry  p r o f i t a b l e .
The r e s u l t s  o f A rn e t t ’ s work a re  g iv en  as  no o th e r  com plete 
thermodynamic a n a ly s is  o f t h i s  ty p e  i s  known. I t  i s  in  f a c t  v e ry  d i f f ­
i c u l t  to  compare th e  r e s u l t s  in  T ab les  5 '1 °  and 5" 11 because th e y  r e l a t e  
to  com ple te ly  d i f f e r e n t  r e a c t io n s  and mechanisms.
The on ly  r e a l  p o in ts  o f com parison a re  th e  e n tro p ie s  o f t r a n s ­
f e r  o f th e  ground s t a t e s  o f th e  two re a c tio n s*  The e n tro p ie s  o f t r a n s f e r  
o f th e  ground s t a t e  o f t - b u ty l  c h lo r id e  rem ain approx im ate ly  c o n sta n t 
in d ic a t in g  th a t  changing th e  so lv en t com position  does no t a f f e c t  th e  spec­
i f i c  s o lv a t io n . T h is  i s  c o n tra ry  to  th e  e n tro p ie s  o f  t r a n s f e r  o f  th e  
te t r a e th y l t in - m e r c u r ic  c h lo r id e  ground s t a t e  where th e re  i s  a s ig n i f ic a n t  
en tro p y  change w ith  changing so lv en t com position . T h is  i s  due (page 126) 
to  th e  c o n tr ib u t io n  o f m ercuric  c h lo r id e  w hich, as has been suggested  
e a r l i e r  (page 10^ ) i s  co o rd in a ted  to  so lv en t m olecu les .
I t  should  be n o te d , in  p a r t i c u l a r ,  th a t  th e  p re se n t work i s  th e  
f i r s t  com plete thermodynamic d is s e c t io n  f o r  any b im o lecu la r r e a c t io n .  I t  
shou ld  a lso  be no ted  th a t  t h i s  d is s e c t io n  does n o t depend on any assum ption 
as to  th e  n a tu re  o f  th e  t r a n s i t i o n  s t a t e  (o th e r  th a n  th a t  im p lied  by th e  
t r a n s i t i o n  s t a t e  th e o ry ) .  In  p a r t i c u l a r ,  th e  geom etry and charge sep­
a r a t io n  o f  th e  t r a n s i t i o n  s t a t e  can a l t e r  w hile  in  no way in v a l id a t in g  th e  
r e s u l t s  o f th e  d is s e c t io n  o f th e  a c t iv a t io n  p a ram e te rs .
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F. A F a r th e r  D is se c tio n  o f th e  Free E n e rg ie s  o f 
T ra n s fe r  from Methanol to  M ethanol-W ater M ixtures 
The purpose o f th e  fo llo w in g  s e c tio n  i s  to  t r y  to  o b ta in  a 
more q u a n t i ta t iv e  e s tim a te  o f th e  r e l a t i v e  p o l a r i t i e s  o f th e  ground and 
t r a n s i t i o n  s t a t e s  fo r  th e  r e a c t io n  between t e t r a e t h y l t i n  and m ercuric  
c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res .
The method i s  based on th e  fo llo w in g  c o n s id e ra tio n s  o f A lf -  
en aar and de L i g n y .^ ^ ^
1 * The f r e e  energy o f t r a n s f e r  from one so lv en t to  an o th er fo r  an io n  o r 
charged  p a r t i c l e  i s  composed o f an ’’e l e c t r i c a l ” and a ’’n e u t r a l” p a r t .
The ’’n e u t r a l” p a r t  i s  th e  f r e e  energy  o f t r a n s f e r  f o r  an uncharged p a r t ­
i c l e  o f th e  same d im ensions. When th e  ra d iu s  of an io n  i s  q u ite  l a r g e ,  
th e  ’’e l e c t r i c a l ” and th e  ’’n e u t r a l” c o n tr ib u tio n  to  th e  f r e e  energy o f t r a n ­
s f e r  w i l l  be a d d it iv e  %
4 0 ° ^ )  = ^ + A G ° eu t , 5 .7
where A g°  i s  th e  ’’e l e c t r i c a l ” c o n tr ib u t io n , e l
A g° a i s  th e  ’’n e u t r a l” c o n tr ib u t io n ,  neu t
A lthough, in  th e  case  o f  a la rg e  io n , should  be g iven
by th e  Bom eq u a tio n  (5*8 ), t h i s  does not seem to  be th e  c a se j A lfe n a a r 
and de L ig n y ^ ^ ^  th e re fo re  deduced A g ° ^  by use o f  eq u a tio n  5 * 1  > knowing 
A G °^M ) and e s tim a tin g  A G °qu .^ by th e  fo llo w in g  method .
A G °i = We2z 2 1 1
D 2  D 1 j
2 r
where Iff = A vogadro !s number, e = e le c t r o n ic  charg e ,
5 .8
z = v a len cy , D » d i e l e c t r i c  c o n s ta n t .
(99)A lfen aar and de Ligny 7 observed th a t  fo r  q u ite  la rg e  non­
p o la r  s o lu te s  ( f o r  which case  A G °^ = 0 and th u s  A  G ^ M ) ~ ^ ^ n e u t )  th e
f r e e  energy o f t r a n s f e r  from methanol to  w ater was p ro p o r tio n a l to  th e  
square  o f th e  s o lu te  ra d iu s  ( r  ) .  T h is  i s  shown in  F ig u re  5*6? th e  d a ta  
fo r  which i s  g iven  in  Table 5°12. I t  i s  to  he n o ted  th a t  th e  f r e e  en­
e rg ie s  o f t r a n s f e r  in  Table 5*12 and a l l  subsequent f r e e  e n e rg ie s  o f t r a n ­
s f e r  used in  t h i s  s e c t io n  a re  on th e  m olar s c a le ,  whereas A lfen aar and de 
Ligny used th e  m olal s c a le  ( th e  d if fe re n c e  in  A gJ^M )  i s ,  however, sm all*)
TABLE 5*12
FREE ENERGIES OF TRANSFER OF VARIOUS NEUTRAL 
MOLECULES FROM METHANOL TO WATER
Compound
M
r
A°
2r
A 0  2A c a ls .m o le .
R ef.
He l .2 9 a 1.66 786 107
fei CD 1 . 60a 2.56 87 6 107
Ar l .9 2 a . 3*69 1216 107
Fe((^H 5) 2 3 .8 b 14*4 4501* 108
Sn(CH3)4 4 .2 ° 17*6
*
5239 108
Sn(C2H5) 4 4 .7 d 22.1 6662* 108
* -  C onverted from m olal to  m olar s c a le .
a -  R eference  109? b -  re fe re n c e  1101 c -  re fe re n c e  99, d. -  seepage
2. The a d d i t iv i ty  o f  A and ^ w i l l  only  app ly  when th e  e l e c t r o ­
s t a t i c  f i e l d  o f th e  io n  i s  so weak, th a t  the  so lv en t d ip o le s  a re  n o t app­
r e c ia b ly  o r ie n ta te d  by th e  ion* In  t h i s  c a se , th e  s t r u c tu r e  o f  th e  s o l ­
v en t around th e  n e u t r a l  p a r t i c l e  (which may be d i f f e r e n t  from th a t  in  th e  
b u lk  o f th e  so lv e n t)  i s  no t m arkedly u p se t by ch arg in g  th e  p a r t i c l e .
T h is  means th a t  th e  in te r a c t io n  o f th e  p a r t i c l e  w ith  th e  so lv en t (A G ° , _)n e u tra l
i s  n o t d e s tro y ed  by a q u ir in g  a charge and th a t  th e  in f lu e n c e  o f th e  l a t t e r
can be d e sc rib e d  as a d i e l e c t r i c  p o la r i s a t io n .
From th e  above c o n s id e ra tio n s  o f A lfen aar and de L igny, i t  was
decided  to  ex tend  t h i s  to  cover not on ly  io n s  bu t charged p a r t i c l e s ,  in
our p a r t i c u la r  case  th e  charged p a r t i c l e s  b e in g  m ercuric  c h lo r id e  and
th e  t r a n s i t i o n  s t a t e .  I t  seems l i k e l y  th a t  th e  second c o n s id e ra tio n ,
above, w i l l  be more s t r i c t l y  obeyed f o r  a d ip o la r  m olecule th a n  an io n .
As was seen  in  F ig u re  5*6? a p lo t  o f A  G°^M) ( i . e .  A  G°^M) =
A G ^ u f )  ^or a s e r i es n e u tra l  p a r t i c l e s  a g a in s t r^  was a s t r a ig h t  l i n e .
T h is  suggested  t h a t ,  i f  th e  r a d i i  o f m ercuric  c h lo r id e  and th e  t r a n s i t i o n
s t a t e  cou ld  be e s tim a te d , th e n  th e  v a lu e s  o f A  G° , could  be o b ta in ed  by* neu t
in te r p o la t io n  from th e  graph (F ig u re  5*6).
The v a lu e s  of A G ^^H gC l
c r ib e d  in  S e c tio n  5 B. (page 116) ,  Knowing th e se  v a lu e s  and th e  " n e u tra l"
c o n tr ib u tio n s  to  them , i t  should  th e n  be p o s s ib le  to  o b ta in  th e  v a lu e s  o f
A g°, f o r  m ercuric  c h lo r id e  and th e  t r a n s i t i o n  s t a t e  from e q u a tio n  5*7* e l
The above su g g es tio n s  were c a r r ie d  out f o r  t h e  t r a n s f e r  from 
m ethanol to  w a te r , and from m ethanol to  th e  v a r io u s  m ethanol-w ater m ix tu res 
in  which th e  r e a c t io n  between t e t r a e t h y l t i n  and m ercuric  c h lo r id e  had been 
s tu d ie d . The p rocedure  i s  d e sc rib e d  below.
The v a lu e s  o f A g°_^M) f o r  a  s e r ie s  o f  n e u tr a l  p a r t i c l e s  fo r
th e  t r a n s f e r  from m ethanol to  v a r io u s  m ethanol-w ater m ix tu res were o b ta in ed
o 2from th e  l i t e r a t u r e .  The v a lu e s  o f A G ^ M )  were p lo t te d  a g a in s t r  f o r
each so lv e n t under c o n s id e ra t io n . The d a ta  fo r  t r a n s f e r  from m ethanol to
m ethanol-w ater m ix tu res  i s  shown in  T ab le  5*13 and th e  g raphs in  F ig u re  5*7*
The d a ta  f o r  t r a n s f e r  from m ethanol to  w ater i s  in  T ab le  5 . 1 2  and th e  graph
in  F ig u re  5*6 ' '
Even a llo w in g  f o r  th e  v a r io u s  in te r p o la t io n s  and co n v ersio n s
g) and AG £T) were determ ined as d e s -
F ig u re  5 .6  >
Free 'Energies of Transfer of Various Neutral Molecules 
from Methanol to Water.
(M)
cals.mole
■7000
.6 0 0 0
4 0 0 0
3000
'2000
Ar
•100Q
201 0 '
TABLE 5*13
THE FREE ENERGIES OP TRANSFER FOR NEUTRAL PARTICLES
FROM METHANOL TO MEZTHANOL-¥ATER MIXTURES
M *
**He
**
Ne M c f 5 )*2 Sn(CH3)* Sn(C2H5)4
r = 1.29 1.60 **3.8 4 .2
Ot—.
2r
S o lv e n t(2)
$  MeOH
1.66 2.56 14.4 17.6 22.1 A° :
9 6
-•]
c a ls .m o le .
as 68 75 202 243 312
90 ^ M )  
c a ls .m o le . ^
as 157 175 501 559 ?26
85
-1c a ls .m o le .
as 223 248 755 823 • m § >
80
c a ls .m o le .
a 282 315 1000 1099 n?5>o
70
ca ls .m o le .^
ss 383 428 1488 — 1553
R eference Si 107 107 108 108 T h is  work
* -  co n v erted  from m olal to  m olar s c a le .
** -  These v a lu e s  have been c a lc u la te d  f ro m ^ G ^ ^ M ) by l i n e a r  in te r p o la t io n  
as has been d e s c r ib e d ^ ^ 5 )  p re v io u s ly .
from th e  m olal to  m olar s c a le ,  th e  g raphs in  F ig u re s  5*6 and 5*7 show r e ­
m arkable l i n e a r i t y ,  confirm ing  f u r th e r  th a t  i . e .  A g^ M )  fo r
n e u tr a l  p a r t i c l e s  i s  p ro p o rtio n ed  to  th e  square  o f th e  ra d iu s  o f  th e  
p a r t i c l e .
The r a d i i  o f t e t r a e t h y l t i n ,  m ercuric  c h lo r id e  and th e  t r a n s i t i o n
n g u r e  • 
o
Graphs of v s . r for vario.us neutral
molecules in methanol-v/ater mixtures.
OJo ^
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s t a t e  were e s tim a te d  as fo llo w s s
1) T e tra e th y lt in *
T e t r a e th y l t in  has a t e t r a h e d r a l  c o n f ig u ra tio n . The C-Sn-C 
angle  was ta k en  as 109°* The maximum d iam eter (d) o f  th e  m olecule was 
c a lc u la te d  from th e  d is ta n c e s  shorn  in  F igu re  5*8.
The d iam e te r (d) was found to  have th e  v a lu e  9*30 A°, g iv in g  th e
ra d iu s  o f  th e  t e t r a e t h y l t i n  m olecule as 4<>65 A°, compared w ith  a v a lu e  o f
o (99}4*7 A o b ta in ed  by A lfen aa r and de L igny. '  The ra d iu s  o f t e t r a e t h y l t i n
o
was ta k en  as 4*7 A •
An a l t e r n a t iv e  method f o r  c a lc u la t in g  th e  m olecu lar r a d iu s  i s  
from th e  m olar volum es. The m olar volume a t  te m p e ra tu re , T , i s  d e fin ed
as  s
VM -  5 .9
where V„ i s  th e  m olar volume,M
M.W. i s  th e  m o lecu lar w eigh t, 
g  i s  th e  d e n s ity  of th e  compound.
C onsider te t r a m e th y l t in j  i t  i s  assumed th a t  a m olecule o f te t r a m e th y l t in  
i s  s p h e r ic a l .  The d e n s i ty  o f Me^Sn a t  25°C, i s  1.280 g . / m l . ^ ^
and th e  m olecu lar w eight i s  178. 83 . The m olar volume, V^, i s  g iven  by s
.V  = 178. 83/ 1.280  = 139.7 cm? moleT1
The volume o f one m olecu le, V^, i s  th e n
3 23= 139*7 cm. , where 6 .02  x  10 i s  A v ogad ro !s  number.b
6.02  x 10'0
The volume o f a sp h e re , V , i s  g iven  byb
Vg = 4 -K r 3
■ f i g u r e  5*8 .
Bond lengths and bond angles in Et^hn.
Sn 2.18
1092.18
2 . 0  /
0 o '
Sn C =:-2.18 A; 0 G = 1.54- A; van der Waal's radius
of methyl group = 2.0 A*, CSnC/ = 109 .
Figure 5*9*
Bond lengths and bond angles in mercuric 
chloride solvated by methanol.
■H
\
/
0
/ \
o o
fig— -01 = 2.51 A ; van der Y.?a a l ' s radius of 01 = 1.8' A;o ’ o ’
I-Ig 0 = 2.94 A; C— ~0 = 1.4-5 A; van der W aal1s-r a d iu s
of methyl group = 2.0 Aj HgCO/ = 120°; ClhgO/ = 1 0 9 °.
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Hence V  ^ * 4 = 139.7 cm*?
3 23*  6 .02  x 1 0 °
3 -23 3th e re fo re  r  = 5*54 x 10 cm.
-8  or  = 4 .44  x  10 cm. -  4«44 A
The v a lu e  o f 4*44 A°compares w ith  a v a lu e  o f 4 .2  A° used by A lfen aa r and de 
(99)
L ignyx y c a lc u la te d  from a more ex ac t method using  known bond le n g th s  and 
van d e r W aal’ s r a d i i .  Thus th e  v a lu e  o f -4*2 A° has been used in  t h i s
work.
U sing th e  v a lu e  o f 4*2 A° as th e  ra d iu s  o f te t r a m e th y l t in  i t  i s
p o s s ib le  to  e s tim a te  th e  r a d i i  o f o th e r  sym m etrical t e t r a a l k y l t i n s  by a 
co m p aritiv e  method u sin g  th e  eq u a tio n  :
" (vDr Me Sn- 4  _ v ' k mr_  Q ~ {  H Sn\ 1 '4 v ,,4 3
The r e s u l t s  f o r  a s e r i e s  o f t e t r a a l k y l t i n s  a re  shown in  T able  5*14*
TABLE 5»14
RADII OP SEVERAL TETRAALKYLTINS CALCULATED PROM THE MOLAR VOLUMES
Compound ----- • ^ 2 5  (113)^  -3  gm.cm.
M.W./p 
cm? C
<Vm>3 R e la t iv e Q 
ra d iu s  A
Me Sn 178.83 1.230 139.7 5-19 4 .2
Et^Sn 234.94 1.181 198.9 5-84 4 .7
nP r .Sn 
4 291.05
1.092 266.5 6.44 5 .2
Bu^Sn 
1 4 347.16
1.040 333.8 6.94 5 .6
Bu^Sn 347.16 1.045 332.2 6.93 5.6
The ra d iu s  o f t e t r a e th y l t in *  4*7 A°* i s  e x a c tly  th e  same ra d iu s  
as was e s tim a te d  by two o th e r  independen t m ethods.
'I i|4
2) M ercuric c h lo r id e .
As was s ta te d  p re v io u s ly , (page 104)a lth o u g h  th e re  i s  no d i r e c t  , 
ev id en ce , i t  i s  most p robab le  t h a t ,  in  m ethanol-w ater m ix tu re s , m ercuric  th e . 
c h lo r id e  e x i s t s  in  a te t r a h e d r a l  c o n f ig u ra tio n , c o o rd in a ted  to  two meth­
anol m olecu les. T h is  was th e  s t r u c tu r e  used to  determ ine  th e  ra d iu s  o f 
m ercuric  c h lo r id e  m olecu le.
The maximum d iam eter o f th e  so lv a te d  m ercuric  c h lo r id e  was c a l ­
c u la te d , from th e  d is ta n c e s  shown in  F ig u re  5-9? to  he 9*11 A°. Thus 
th e  maximum ra d iu s  o f th e  m olecule i s  4*55 A°. However, as th e  m olecule 
i s  n o t sym m etrical, th e re  i s  a lso  a minimum ra d iu s  co rresp o n d in g  to  th e  
Hg-Cl hond le n g th  (2.31 A°) p lu s  th e  van d e r W aal’s ra d iu s  o f th e  c h lo r in e  
(1 .8  A °). T h is  g iv e s  a minimum ra d iu s  o f 4*11 A°. As a more a c c u ra te  
measure o f th e  ra d iu s  o f the  m ercuric  c h lo r id e  m olecu le , th e  mean o f  th e  
maximum and minimum r a d i i  was tak en  to  re p re se n t th e  t r u e  ra d iu s  i . e .  4*3 A°.
3) The t r a n s i t i o n  s t a t e .
The ra d iu s  o f th e  t r a n s i t i o n  s t a t e  was c a lc u la te d  from th e
e q u a tio n  %
where A ~ ra d iu s  o f Et^Sn 
B s ra d iu s  o f HgCl^*
T h is  eq u a tio n  i s  good to  a f i r s t  approx im ation . The ra d iu s  o f  th e  t r a n ­
s i t i o n  s t a t e  o b ta in ed  i s  5*7 A°.
Knowing th e  r a d i i  o f th e  t r a n s i t i o n  s t a t e  and m ercuric  c h lo r id e , 
th e  v a lu e s  o f ^  ^ f o r  each sp e c ie s  were in te r p o la te d  from th e  g raphs
in  F ig u res  5*6 and 5*7* The v a lu e s  o f A  o f m ercuric  c h lo r id e  and th e  
t r a n s i t i o n  s t a t e  fo r  t r a n s f e r  from methanol to  v a r io u s  m ethano l-w ater mix­
tu r e s  were c a lc u la te d  from e q u a tio n  5*7* The r e s u l t s  a re  shown in  T ab les
1^5
5.15  and 5«16.
TABLE 5.15
4 g ^ 1 FOR HgCl^ ON TRANSFER FROM METHANOL TO MET HANOL-WATER MIXTURES
$ '  MeOH V A G ^ 2 (HgCl2)
c a ls .m o le .^
A G ° . neu t
c a ls .m o le . c a ls .m o le .
100 0.001 0 0 0
96 0.086 -  4 265 -  269
90 0.200 -11 637 -  648
85 0.284 -15 867 -  882
80 0 .360 -12 1115 -1127
70 0.490 35 1362 -1327
0 1.000 731 5575 -4844
TABLE 5.16
AG°, FOR THE TRANSITION STATE ON TRANSFER — e l  ----------------------------------------------- - --------
FROM METHANOL TO METHANOL-WATER MIXTURES
*H 0 ^ G1 ^ T  ^ ^ Gneut ^ Ge l
-1 -1 c a ls .m o le . c a ls .m o le . c a ls .m o le .
100 0.001 0 0 0
96 0.086 -178 440 -  618
90 0 .200 -131 1000 -1131
85 0 .284 -228 1400 -1628
80 0 .360 -277 1663 -1940
70 0 .490 -386 2168 -2554
0 1.000 (3645)* 9610 (-5965)*
*
E x tra p o la te d  v a lu e , see  S e c tio n  5 B.
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I t  should  he no ted  th a t  th e  v a lu e s  o f <AkG° . fo r  t r a n s f e r  from m ethanolneu t
to  w ater in  T ab les 5 ® 15 5 '16  itfere o b ta in ed  u sin g  r a d i i  o f  m olecules
so lv a te d  by m ethanol. These r a d i i  obv iously  do n o t ho ld  in  t h i s  c a se , 
b u t t h e i r  v a lu e s  in  w ater would be q u ite  s im ila r ,  though p robab ly  a  l i t t l e  
sm a lle r , to  th e  ones in  m ethanol. However, th e  r e l a t i v e  m agnitudes o f  
^ or m ercuri c  c h lo r id e  and th e  t r a n s i t i o n  s t a t e  would rem ain th e  same. 
R eference  to  th e  r e s u l t s  in  T ab les 5*15 and 5«16 shows th a t  
th e re  i s  a c o n s id e ra b le  d if fe re n c e  between th e  " e l e c t r i c a l ” p a r ts  o f  mer­
c u r ic  c h lo r id e  and th e  t r a n s i t i o n  s t a t e .  I f  th e  t r a n s i t i o n  s t a t e  were 
o f th e  " c lo se d " , S_i ty p e , th e n  as th e re  i s  no a d d it io n a l  charge s e p a ra tio n  
in  th e  t r a n s i t i o n  s t a t e ,  th e  " e l e c t r i c a l "  p a r t  would be expected  to  c o r r ­
espond c lo s e ly  to  th a t  o f m ercuric  c h lo r id e | i . e  th e  " e l e c t r i c a l "  p a r t  o f 
th e  "c lo sed "  t r a n s i t i o n  s t a t e  i s  due only  to  th e  c o n tr ib u tio n  o f m ercuric  
c h lo r id e .  The r e s u l t s  o b ta in ed  in d ic a te  th a t  we a re  observ ing  a t r a n s ­
i t i o n  s t a t e  in  which some charge s e p a ra t io n  o c cu rs , i . e .  o f th e  "open", 
ty p e .
Jii
F u r th e r  ev idence fo r  t h i s  can be o b ta in ed  by com parison o f th e
v a lu e s  o f  A g°_ f o r  m ercuric  c h lo r id e  and th e  t r a n s i t i o n  s t a t e  w ith  th e  e l
v a lu e s  o f A g0 , f o r  a lk a l i -m e ta l  h a l id e s .  The v a lu e s  o f ^ G ° -  f o r  th e  e l  e l
(99)a lk a l i -m e ta l  h a l id e s  a re  th o se  o f A lfen aar and de L igny. ' They ob-
A  Ota in e d  th e  v a lu es  o f _ fo r  v a r io u s  h a l id e s  f o r  t r a n s f e r  from m ethanole l
to  m ethano l-w ater m ix tu res . The r e s u l t s  shown in  T able 5*17 were i n t e r -
A O'p o la te d  from graphs o f  v s .  q  f o r  sodium c h lo r id e  and sodium io d id e .
The r e s u l t s  a re  on th e  m olal s c a le .
The v a lu e s  o f -A ^ ^  f o r  m ercuric  c h lo r id e ,  th e  t r a n s i t i o n  s t a t e ,  
sodium c h lo r id e  and sodium io d id e  p lo t te d  a g a in s t mole f r a c t io n  o f w a ter 
a re  shown in  F igu re  5*10* ^  i s  im m ediately  ap p aren t th a t  th e  t r a n s i t i o n
jL1 IU.JL J  » I \J  m „
Graphs of,AG^ for transfer from methanol 
to metlianol-water mixtures.
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TABLE 5.17
A c ° n FO R  1'TaCl AN D  ITal OB  TRANSFER PROM — e l—-----------------------------------------------------
METHANOL TO METHANOL-WATER MIXTURES (MOLAL SCALE)
fo MeOH v . A G ^ Ia C l)
ca ls .m o le .^
A o ^ H a l )
c a ls .m o le .^
100 0.001 0 0
96 0.086 -1710 -1450
90 0.200 -2323 -2077
85 0.284 -2750 -2520
80 o:.36o -3180 -2925
70 0.490 -3960 -3675
0 1.000 -7968 -7057
s t a t e  l i e s  between m ercuric  c h lo r id e  ( a p o la r  e l e c t r o ly te )  and sodium 
io d id e  ( 1 s1 e l e c t r o l y t e ) ,  which le a d s  one to  suggest th a t  th e re  i s  i n c r ­
eased  charge s e p a ra tio n  in  th e  t r a n s i t i o n  s t a t e  over th a t  in  th e  ground 
s t a t e .  The com parison i s  no t com ple te ly  r ig o ro u s , f o r  in  th e  c a se s  o f 
sodium c h lo r id e  and io d id e  we a re  in  f a c t  o b serv in g  th e  so lv en t e f f e c t  on 
two charged p a r t i c l e s ,  which i s  n o t th e  case f o r  m ercuric  c h lo r id e  and th e  
t r a n s i t i o n  s t a t e .
The change in  charge s e p a ra tio n  going from th e  ground s t a t e  
(m ercuric  c h lo r id e )  to  th e  S^i and S^2 t r a n s i t i o n  s t a t e s  can be re p re se n te d  
p i c t o r i a l l y  as shown in  F ig u re  5*11- m ercuric  c h lo r id e , th e  p e rc e n t­
age io n ic  c h a ra c te r  o f th e  m ercu ry -ch lo rin e  bond was e s tim a te d  to  be 25
( 112)p e rc en t from P a u l in g 's  v a lu e s  o f th e  e le c tro n e g a tiv e s  o f th e  m ercury
(1 .9 )  and c h lo r in e  (3 .0 )  atoms i . e .  each c h lo r in e  atom has  a fo rnajL charge
o f -  i .
Charge separations in mercuric chloride and 
the S.,,i and -^ -,2 transition states.
iii Jij
(i) Solvated mercuric chloride.
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(ii) S^i transition state.JIj
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In  th e  £Li t r a n s i t i o n  s t a t e  charges .are d i s t r ib u te d  much th e  
ii
same as in  m ercuric  c h lo r id e  i t s e l f  i . e .  th e  same " e l e c t r i c a l "  c o n tr ib u t io n  
to  th e  f r e e  energy o f t r a n s f e r  i s  expected  fo r  th e  S_i t r a n s i t i o n  s t a t e
iii
as f o r  m ercuric  c h lo r id e . In  th e  !EL2 t r a n s i t i o n  s t a t e  th e re  i s  an
j3
in c re a se d  amount o f charge s e p a ra tio n  over m ercuric  c h lo r id e  and a g r e a te r
" e l e c t r i c a l "  c o n tr ib u t io n  i s  expect^d jand  t h i s  i s  seen  to  be th e  c a se .
The v a lu e s  o f A g° , fo r  m ercuric  c h lo r id e  and th e  t r a n s i t i o n  e l
s t a t e  in d ic a te ,  on a more q u a n t i ta t iv e  b a s is  th an  p re v io u s ly , th a t  th e re  
i s  indeed  in c re a se d  charge s e p a ra tio n  in  th e  t r a n s i t i o n  s t a t e  over th a t  
in  th e  ground s t a t e .
G. A Comparison o f th e  F u r th e r  Free Energy D is se c tio n  
o f  T e tra e th y ltin -M e ro u r ic  C h lo rid e  w ith  T e tram e th y ltin -M ercu ric  
C h lo rid e  and th e  S o lv o ly s is  o f t-B u ty lC h lo rid e  
I t  i s  p o s s ib le  to  d is s e c t  th e  f r e e  energy  o f  t r a n s f e r  o f th e  
te tra m e th y ltin -m e rc u r ic  c h lo r id e  t r a n s i t i o n  s t a t e  in to  i t s  " n e u tra l"  and
" e l e c t r i c a l "  c o n tr ib u tio n s  u sin g  th e  v a lu e s  o f A G ^ ^ M e^ S n ) of A l f e n a a r l ^ ^
1*01*1 T ab le  15*4 (page 229) th e  v a lu e s  o f were o b ta in e d ,1 -¥c.
and used i n  e q u a tio n  5** 11 to  o b ta in  th e  v a lu es  o f A g°_^T) ,
A G t e  ' ^ GU T)- -[A G ?iEe4Sn) +
The r e s u l t s  a re  shown in  T able 5*18.
The ra d iu s  o f th e  t r a n s i t i o n  s t a t e  was e s tim a te d  from th e
eq u a tio n  s
r 3, = r 3 + r 3f  A B
where r .  = ra d iu s  o f Me.Sn = 4»2 A°A 4
r  = ra d iu s  o f HgCl0 = 4«3 A°£> C.
o o 2 -g iv in g  a v a lu e  o f  r ^  = 5*4 A . From th e  graphs o f A G ^ ^ v s . r  (F ig u re
5.11
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TABLE 5.18
DISSECTION OF THE ACTIVATION FREE ENERGY OF TRANSFER 
INTO GROUND AND TRANSITION STATE CONTRIBUTIONS
% KeOH Xjj q A G ^ H g C l2) ^ G ° ^ e 4 S n )A G ° ^ )  A  G ° j F )
 ^ -1  -1  ~1 -1  “ Ic a ls .m o le . c a ls .m o le . c a ls .m o le . c a ls .m o le . c a ls .m o le
100 0.001 0 0 0 0 0
96 0.086 -  4 243 239 -  303 -  64
85 0 .284 -15 823 808 -1118 -310
‘•7 ) , th e ”n e u tra l ” c o n tr ib u tio n s to  th e  f r e e energy o f  t r a n s f e r o f th e
te tra m e th y ltin -m e rc u r ic  c h lo r id e  t r a n s i t i o n  s t a t e  were o b ta in ed . The 
’’e l e c t r i c a l ” c o n tr ib u tio n s  were th e n  c a lc u la te d  from eq u a tio n  5»7* The
r e s u l t s  a re  shown in  T able 5»19j and g ra p h ic a l ly  in  F ig u re  5*10*
TABLE 5*19
AG°n FOR THE TETRAMETHYLTIN-NIERCURIC CHLORIDE TRANSITION— e l .. -------    — .. —..........■■.... .....■ -   .......... .....................—  
STATE ON TRANSFER FROM METHANOL TO METHANOL-WATER MATURES
*  Ke0H V o  AG? 4 T> AGn eu t A G e l
-1 -1 -1 c a ls .m o le . c a ls .m o le . c a ls .m o le .
0.001 0 0 0
0 .086  -  64 390 -  454
0 .284  -310 1260 -1570
R eference to  F ig u re  5»10 shows th a t  th e  v a lu es  o f f ° r
th e  te t r a m e th y l t in -  and t e t r a e t h y l t i n -  m ercuric  c h lo r id e  t r a n s i t i o n  s t a t e s  
a re  v e ry  s im i la r  i . e .  th e re  i s  th e  same degree o f charge s e p a ra tio n  in  th e  
two t r a n s i t i o n  s t a t e s  in  th e  v a r io u s  m ethanol-w ater m ix tu re s , in d ic a t in g  
t h a t  b o th  r e a c t io n s  proceed by th e  same mechanism.
100
96
85
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C onfirm ation  of th e  ahove co n clu s io n  about th e  "open” , charged 
n a tu re  o f th e  t e t r a a lk y l t in - u e r c u r ic  c h lo r id e  t r a n s i t i o n  s t a t e s  can he 
o b ta in ed  by re fe re n c e  to  a t r a n s i t i o n  s t a t e  whose s t r u c tu r e  has been com­
p re h e n s iv e ly  s tu d ie d .
Such a t r a n s i t i o n  s t a t e  i s  th a t  of th e  S^1 s o lv o ly s is  o f t -  
b u ty l c h lo r id e  in  v a r io u s  a lc o h o l-w a te r  m ix tu res . As was shown in  th e  
in tro d u c t io n  (page ^2 ) A rn e tt e t  a l ^ ^  have in v e s t ig a te d  th e  s o lv o ly s is  
t r a n s i t i o n  s t a t e  in  aqueous e th an o l and shown th a t  a c o n s id e ra b le  degree 
o f charge s e p a ra t io n  o ccu rs , th e  s t r u c tu r e  be ing  com parable to  compounds
V / \ / \
such as trim ethy lsu lphon iu rn  c h lo r id e  (Me^S 'C l ) which a re  a p p re c ia b ly  
io n is e d  in  aqueous a lc o h o lic  s o lu t io n s .
As was d iscu ssed  in  S e c tio n  5 B. (page ^ 6 ) ,  W in ste in  and 
F a in b e r g ^ ^  have d is s e c te d  th e  f r e e  e n e rg ie s  o f a c t iv a t io n  in to  t h e i r  
ground and t r a n s i t i o n  s t a t e  c o n tr ib u tio n s  fo r  th e  s o lv o ly s is  o f t - b u ty l  
c h lo r id e  in  m ethano l-w ater m ix tu re s . T h e ir  r e s u l t s  a re  shown in  T able  
2 .5  (page 6 1 ) ,  From th e se  r e s u l t s  and using  th e  methods d e sc rib e d  in  
t h i s  s e c t io n ,  th e  f r e e  e n e rg ie s  o f t r a n s f e r  o f t - b u ty l  c h lo r id e  and i t s  
s o lv o ly s is  t r a n s i t i o n  s t a t e  were d is s e c te d  in to  t h e i r  " n e u t r a l” and " e le ­
c t r i c a l ” c o n tr ib u t io n s .  The r e s u l t s  a re  shown in  T able 5*20 and g raph­
i c a l l y  in  F igu re  5»10« The ra d iu s  o f t - b u ty l  c h lo r id e  was e s tim a te d  as 
b e in g  s l i g h t l y  l a r g e r  th a n  th a t  o f  carbon te t r a c h lo r id e  ( r  = 3 .6  A ° ) ^ ^  
th e  ra d iu s  be in g  tak en  as 3 .7  A°. For th e  t r a n s i t i o n  s t a t e  a f u r th e r
0 .2  A° was added to  a llow  f o r  th e  C-Cl bond b re a k in g , g iv in g  r ^  = 3*9 A°.
R eference  to  F ig u re  5*10 re v e a ls  im m ediately  th a t  th e  b eh av iou r
A  0of d G  1 o f th e  t - b u ty l  c h lo r id e  s o lv o ly s is  t r a n s i t i o n  s t a t e  c lo s e ly  r e s -0X
embles th a t  o f th e  t e t r a a lk y l t in - m e r c u r ic  c h lo r id e  t r a n s i t i o n  s t a t e s .
These r e s u l t s  co n firm , q u a n t i t a t iv e ly ,  th e  h i th e r to  q u a l i t a t iv e  su g g es tio n s
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TABLE 5*20
DISSECTION OF FREE ENERGIES OF TRANSFER OF t-B uC l AID ITS SOLVOLYSIS 
TRANSITION STATE INTO “NEUTRAL” AND "ELECTRICAL” CONTRIBUTIONS
fa MeOH A g^ rx) A g° (rx)neut ' A g^ rx) A q °  ft?)neu t A o ° f r )
100 0 0 0 0 0 0
90.17 390 495 -105 -  690 530 -1220
80.09 800 887 -  87 -1210 960 -2170
70.45 1210 1085 +125 -1590 1167 -2757
H2° 4090 4200 -110 -2160 4600 -6820
t h a t  th e  r e a c t io n  Between t e t r a a l k y l t i n s  and m ercuric  c h lo r id e  in  v a r io u s  
m ethano l-w ater m ix tu res  proceeds v ia  an "open” , S^2 mechanism. The 
charge s e p a ra tio n  in  th e  t r a n s i t i o n  s t a t e s  a re  th u s  o f th e  same o rd e r as 
th a t  observed in  th e  s o lv o ly s is  t r a n s i t i o n  s t a t e  o f t -B u ty l c h lo r id e .
The above d is s e c t io n  would appear to  be f a i r l y  r ig o ro u s  prov­
id in g  th e  assum ptions o f th e  th e o ry  a re  obeyed. The main assum ption i s  
th a t  th e  t r a n s i t i o n  s t a t e  p re se rv e s  i t s  geom etry and has th e  same charge 
s e p a ra t io n  in  a l l  th e  v a r io u s  so lv en t m ix tu res , i . e .  i f  any change does 
occur in  th e  n a tu re  o f th e  t r a n s i t i o n  s t a t e  th e n  t h i s  must no t a f f e c t  th e  
o r ie n ta t io n  o f th e  so lv e n t d ip o le s  about th e  t r a n s i t i o n  s t a t e .
I t  should  be no ted  th a t  th e  above work i s  th e  f i r s t  tim e th a t  
any r e a c t io n  a t  a l l  has been analysed  in  term s o f th e  " e l e c t r i c a l ” and 
" n e u t r a l” c o n tr ib u tio n s  to  th e  f r e e  e n e rg ie s  o f t r a n s f e r  o f ground and 
t r a n s i t i o n  s t a t e s .  The procedure  would appear to  have wide a p p l ic a t io n  
p rov ided  th a t  th e  r e le v a n t  d a ta  on th e  changing a c t i v i t i e s  o f th e  ground 
s t a t e  w ith  so lv e n t com position  i s  a v a i la b le .
15^
H. D e riv a tio n  o f th e  E q uations Used in  th e  
C a lc u la tio n  o f F ree  E n erg ies  o f T ra n s fe r
1. From s o lu b i l i ty  m easurem ents.
The chem ical p o t e n t i a l l y  o f a s o lu te  in  s a tu r a te d  s o lu t io n  in  
a so lv e n t (1) i s  g iv en  by
/ ' ‘ s  = /  o * ' w  l n  as  1 •
whereytA^ i s  th e  chem ical p o te n t ia l  o f th e  s o lu te  in  so lv e n t 1,
and i s  th e  chem ical p o te n t ia l  o f th e  s o lu te  when th e  l a t t e r  i s  a t  u n it
a c tiv ity .,  ( i . e .  1 m olar c o n c e n tra tio n  in  so lv en t 1 and u n it  a c t i v i t y  co -
1 1e f f i c i e n t ) .  The a c t i v i t y  c o e f f ic ie n t  i s  d e fin ed  so t h a t  as C—» 0 , f -— *  0 ,
1 1where C i s  th e  m olar c o n c e n tra tio n  o f s o lu te  and f  th e  a c t i v i t y  c o e f f ­
i c i e n t  in  so lv e n t 1.
S im ila r ly  fo r  th e  same s o lu te  in  so lv en t 2,
= / “ o + s r i n a s  2 -
2w h e re y ^  i s  th e  chem ical p o te n t ia l  o f th e  s o lu te  in  so lv e n t 2,
and i s  th e  chem ical p o te n t ia l  o f th e  s o lu te  when th e  l a t t e r  i s  a t  u n it
a c t i v i t y ,  ( i . e .  1 m olar c o n c e n tra tio n  in  so lv en t 2 and u n it  a c t i v i t y  co -
2 2e f f i c i e n t ) .  The a c t i v i t y  c o e f f ic ie n t  i s  d e fin ed  so th a t  as C-—* 0 ,  f —s-0,
2 2where C i s  th e  m olar c o n c e n tra tio n  o f s o lu te  and f  th e  a c t i v i t y  c o e f f ­
i c i e n t  in  so lv e n t 2.
Now f o r  a s a tu r a te d  s o lu t io n ,  p rov ided  th a t  th e  same s o l id  i s
in  e q u ilib r iu m  w ith-^solvent 1 and so lv e n t 2,
1
/ S o l i d  ’ / ^ S
s o l id  ~  S 
Hence ^  = / ^
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1 1 2 2 an<y/*Q + RT I n  a^ = + RT I n  a^ 3«
By d e f in i t io n  th e  f r e e  energy o f t r a n s f e r  o f a s o lu te  from so lv en t 1 to
so lv en t 2 ( A g°^ M ))  i s
AgU m) -A -A 4-
Hence s
a GU u )  - A  - A  -  m  i n  i  / a 2 5.
2. From vapour p re ssu re  m easurem ents.
The H enry’s Law c o e f f i c i e n t ,  K*1 i s  d e fin ed  as s
K*1 = p/m 6 .
where p i s  th e  p a r t i a l  p re s su re  o f a  s o lu te  ahove a s o lv e n t ,
m i s  th e  c o n c e n tra tio n  o f th e  s o lu te  in  th e  same s o lv e n t . 
The H enry’s Law c o e f f ic ie n t  may he reg a rd ed  as th e  m o la r ity  
o f th e  s o lu t io n  when th e  p a r t i a l  p re s su re  o f th e  s o lu te  i s  u n ity . Com­
pare  two s o lu t io n s  each  w ith  a s o lu te  p a r t i a l  p re s su re  o f u n ity  th e n  th e  
chem ical p o te n t ia l  o f th e  l iq u id  s o lu te  in  so lv e n tl = chem ical p o te n t ia l  of 
th e  vapour = chem ical p o te n t ia l  o f  th e  l iq u id  s o lu te  in  so lv en t 2.
Hence s
gh _1 Ji'_21 m == K2 m 7 .
and
8 .1 1 1 y i A *  = + RT In  m
= y ?  + RT In  m2 9.
th en
+  RT In  m1 =y c *  +  RT In  m2 10.
A-A  = OTin4
m
1 5 6
-  HP l a  i i /K ?
a n a A G ° ^ M )  = HT I n  £ _  -  HP I n  jjT 11.
m
E quation  7» assumes th a t  in  d i lu te  s o lu t io n  th e  H enry’s Law 
c o e f f ic ie n t s  o f  th e  l iq u id  s o lu te  in  so lv e n ts  1 and 2 a re  equal to  th e  co­
e f f i c i e n t s  a t  i n f i n i t e  d ilu tio n .. (T his was shown to  he th e  c a se , w ith in  
ex p erim en ta l e r r o r ,  f o r  t e t r a e t h y l t i n  in  9 6 fo  methanol a t  25°C. See 
T able  18. ^  pag e2 3 ? .)
In  e q u a tio n  11. i t  i s  assumed th a t  th e  p a r t i a l  p re s su re s  o f th e
vapour above s o lv e n ts  1 and 2 a re  equal to  th e  f u g a c i t i e s  i . e .  t h a t  th e
vapour o f te t r a e th y l t in .b e h a v e s  as an id e a l  g a s . The vapour p re s su re  
o f t e t r a e t h y l t i n  i s  10 mm. a t  60°C, o f  th e  o rd e r o f 1 mm. a t  25°C, s u f f ­
i c i e n t l y  low f o r  th e  above assum ption to  app ly .
’ " ^Suggestions f o r  F u r th e r  Work
The p re se n t in v e s t ig a t io n  su g g es ts  s e v e ra l ways in  which th e
stu d y  o f  th e  mechanisms o f e l e c t r o p h i l i c  s u b s t i tu t io n s  a t  a s a tu r a te d
carbon atom could  proceed s
1) Change th e  so lv en t m ixture from m ethanol-w ater to  one in  which t e t r a a l k -  
y l t i n s  a re  so lu b le  over th e  whole com position  ran g e . A study  o f th e  
p re s e n t system  in  such so lv en t m ix tu res  would a llow  d is s e c t io n  o f a c t iv a t io n  
p aram eters  over th e  whole so lv en t ran g e .
P o s s ib le  s o lv e n ts  would be m ix tu res o f d ip o la r  p r o t ic  and d i ­
p o la r  a p ro t ic  s o lv e n ts  e .g .  MeOHsD.M.F.j MeOH s CH^CHj MeOH s D ioxan.
2) I n v e s t ig a te  th e  v a r ia t io n  o f h e a ts  o f  s o lu tio n  and th e  a c t i v i t i e s  o f 
v a r io u s  model compounds, which might be expected  to  resem ble th e  t r a n s i t i o n  
s t a t e ,  in  v a r io u s  so lv en t m ix tu res . .......
3) Change th e  s u b s t r a te  to  umsymmetrical t e t r a a l k y l t i n s  so th a t  th e re  i s  an
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added d ip o la r  c o n tr ib u t io n  to  th e  t r a n s i t i o n  s t a t e .  Such changes in  
th e  n a tu re  o f th e  t r a n s i t i o n  s t a t e  should  he apparen t in  th e  ’’e l e c t r i c a l ” 
c o n tr ib u tio n s  to  th e  f r e e  e n e rg ie s  o f t r a n s f e r  o f th e  t r a n s i t i o n  s t a t e .
4) Change th e  e le c t r o p h i le  so th a t  th e  p o te n t ia l  an ion  becomes more io n ic  
and in v e s t ig a te  th e  e f f e c t  t h i s  has on th e  ’’e l e c t r i c a l ” c o n tr ib u tio n s  to  
th e  f r e e  energy o f t r a n s f e r  o f th e  ground and t r a n s i t i o n  s t a t e s  e .£ .  
th rough  th e  s e r ie s  H g ^ A c )^  HgCMO^^? H g ^ lO ^ )^ .
EXPERIMENTAL
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S E C T I O N  VI 
PREPARATION AND PURIFICATION OF MATERIALS 
A. P re p a ra tio n  and P u r i f i c a t io n  o f R eac tan ts  and P ro d u cts
( l )  T e tra a lk y l  T in s
T e t r a e th y l - ,  t e t r a - n - p r o p y l - ,  t e t r a - i s o - p r o p y l -  and t e t r a - i s o -
( 6"^b u ty l t i n  were p rep ared  "by th e  s tan d a rd  G rignard  method o f van d e r  Kerk, '  
T e tra m e th y ltin  was p rep ared  hy th e  m odified  G rignard  method o f F U l d e s i , ^ ^  
and t e t r a - n - b u t y l t i n  was ob ta in ed  from S chering  A.G. The p re p a ra t io n  
o f t e t r a e t h y l t i n  i s  d e sc rib e d  below , as an example of th e  s tan d a rd  G rignard  
method,
A 5 l i t r e  th ree -n eck ed  f l a s k  was f i t t e d  w ith  a s t i r r e r ,  d ropping  
fu n n e l and a r e f lu x  condenser, A s o lu t io n  o f e th y l bromide (750 g> 15$ 
ex cess) in  anhydrous e th e r  (1500 m l.) was p rep a red . 5 nil. o f  t h i s  s o l ­
u t io n  was mixed w ith  th re e  drops of bromine and added to  magnesium tu r n ­
in g s  (150 g . )  in  th e  f l a s k .  The G rignard  re a c t io n  s t a r t e d  a t  once and 
was m ain ta ined  by g ra d u a lly  adding th e  rem ainder o f th e  e th y l brom ide s o l ­
u t io n . When t h i s  r e a c t io n  su b sid ed , th e  m ix ture  was g e n tly  b o i le d ,  w ith  
s t i r r i n g ,  f o r  t h i r t y  m inu tes.
The f l a s k  was cooled  in  ic e  and th e n  s ta n n ic  c h lo r id e  (250 g§ 
tw o - th ird s  o f th e  th e o r e t ic a l  amount) was added w ith  v ig o ro u s s t i r r i n g ,  in  
th e  course  o f about f i f t y  m in u tes . The m ix ture  was th en  re f lu x e d  fo r  
one hou r, a f t e r  which th e  s t i r r e r  was stopped and th e  ap p a ra tu s  s e t  f o r  
d i s t i l l a t i o n .  The e th e r  was d i s t i l l e d  o f f  in  o rd e r to  r a i s e  th e  r e a c t io n  
te m p e ra tu re , which reached  60°C in  th e  c e n tre  o f th e  mass.
The f l a s k  was cooled  in  ic e  and th e  c o l le c te d  e th e r  was re tu rn e d  
to  th e  r e a c t io n  m ix tu re , which was th e n  decomposed by th e  a d d itio n  o f 
f i r s t l y  ic e -w a te r  (250 m l), fo llow ed  by ic e -c o ld  10$ h y d ro ch lo ric  a c id
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(1200 m l). A f te r  com plete decom position  had occu rred  th e  e th e r e a l  la y e r  
was s e p a ra te d , f i l t e r e d  and d r ie d  over calcium  c h lo r id e .
The e th e r  was removed hy d i s t i l l a t i o n ,  and th e  crude t e t r a a l k y l -  
t i n  d i s t i l l e d  under water-pump vacuum. The y ie ld  o f crude p roduct was 
185 (79/6 of th e  th e o r e t ic a l  am ount).
The fo llo w in g  p u r i f i c a t io n  procedure was employed fo r  a l l  th e  
s ix  t e t r a a l k y l t i n s  used .
The crude t e t r a a l k y l t i n  was d i lu te d  w ith  anhydrous e th e r ,  and 
a stream  o f dry  ammonia passed  th ro u g h  th e  e th e r e a l  s o lu tio n  in  o rd e r  to  
p r e c ip i t a t e  any a lk y l t i n  h a l id e s  as t h e i r  ammonia com plexes. The s o l ­
u tio n  was th en  f i l t e r e d ,  th e  e th e r  removed, and f i n a l  p u r i f i c a t io n  e f fe c te d  
by f r a c t io n a t io n ,  u s in g  a vacuum -jacketed column c o n ta in in g  Fenske h e l ic e s  
a tta c h e d  to  a  v a r i a b l e - r a t i o  ta k e - o f f  head.
The p u r i ty  o f  th e  f i n a l  compound was checked hy g a s - l iq u id  ch ro ­
m atography (see  page 18^ .  No observab le  im p u rity  was d e te c te d  f o r  any 
o f th e  t e t r a a l k y l t i n s  a f t e r  th e  use o f th e  above p u r i f i c a t io n  p ro ced u re , 
excep t f o r  t e t r a - i s o - b u t y l t i n .  The l a t t e r  was found to  c o n ta in  approx­
im a te ly  2fo o f im p u rity  which could  n o t be removed by f r a c t io n a t io n .
On s tan d in g  o v e rn ig h t, t e t r a - i s o - p r o p y l t i n  was found to  d e p o s it
a w h ite  amorphous s o l id  id e n t i f i e d  as probably  b e in g  d i - i s o - p r o p y l t in  
(25)d ih y d ro x id e . I t  was found th a t  i f  s to re d  under n itro g e n  in  th e  dark
no d e p o s it  was formed over a lo n g  p e rio d .
( i i )  A lk y lt in  H a lid es  
T r i e t h y l t i n  C h lo ride
S tan n ic  c h lo r id e  ( 1.4  S? 0.0054 mole) was added to  t e t r a e t h y l t i n  
(3 .7  gs 0 .016  m ole), co n ta in ed  in  a 50 ml. round-bottom ed f l a s k ,  w ith  
g e n tle  shak ing . A spontaneous r e a c t io n  occu rred  w ith  e v o lu tio n  o f h e a t .
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The f la s k  was f i t t e d  w ith  a v e r t i c a l  a i r  condenser and was h ea ted  on a 
w a te r-b a th  fo r  45 m inutes and th e n  in  an o i l - b a th  a t  200°C fo r  2 h o u rs .
The m ixture was f r a c t io n a te d  under p re ssu re  u sing  a V igreux column.
The y ie ld  of t r i e t h y l t i n  c h lo r id e  was 3«4 g«(67$ o f th e  th e o r e t i c a l  am ount). 
D ie th y l t in  D ic h lo rid e
A m ixture o f t e t r a e t h y l t i n  (9»4 g? 0 .04  mole) and s ta n n ic  c h lo ­
r id e  (10 .4  g§ 0 .044  mole) was h ea ted  in  an o i l - b a th  a t  205° - 215° f o r  
90 m inu tes. The m ixture was th e n  poured in to  a b eak er w here, a f t e r ,  
a f t e r  s o l i d i f i c a t i o n ,  i t  was powdered. The product was r e c r y s t a l l i s e d  
from l i g h t  pe tro leum  ( b . r .  80°-100°C) and th en  washed w ith  l i g h t  pe tro leum  
( b . r .  40°-60°C ). The y ie ld  o f d i e th y l t in  d ic h lo r id e  was 14*5 g *  (73$ 
o f  th e  th e o r e t ic a l  am ount).
E th y l t in  T r ic h lo r id e
A m ix ture  o f  t e t r a e t h y l t i n  (3«4 g? 0*014 mole) and s ta n n ic  
c h lo r id e  (32 .5  g? 0 .1 25 mole) was re f lu x e d  f o r  24 h o u rs . The r e a c t io n  
m ix ture  was f r a c t io n a te d  under a tm ospheric  p re s su re  u sin g  a V igreux c o l­
umn. A fte r  th re e  f r a c t io n a t io n s  th e  p roduct was seen to  be pure by
G.L.C. The f i n a l  y ie ld  was 2*5 g« (17$ o f th e  th e o r e t i c a l  am ount).
T r ib u ty l t in  C h lo rid e
T r ib u ty l t in  c h lo r id e  was o b ta ined  from A lb rig h t and ¥ i l s o n .
I t  was p u r i f ie d  by f r a c t io n a l  d i s t i l l a t i o n  th rough  a V igreux column under 
reduced  p re s su re .
( i i i )  A lky lm ercuric  H a lid es  
E th y lm ercu ric  C h lo rid e
T h is  was o b ta in ed  from B r i t i s h  Drug Houses. The compound was 
p u r i f ie d  by r e c r y s t a l l i s a t i o n  from methanol to  c o n s ta n t m e ltin g  p o in t .
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E th y lm erou ric  Io d id e
E th y lm ereu ric  c h lo r id e  (13 g? 0 .0 5  mole) was d is so lv e d  in  warm 
m ethanol and added, w ith  s t i r r i n g ,  to  a c o n ce n tra te d  aqueous s o lu t io n  o f 
po tassium  io d id e  (8 .3  g | 0 ,0 5  m ole). The e th y lm ercu ric  io d id e  s e p a r­
a te d  o u t, was f i l t e r e d  a t th e  pump and r e c r y s t a l l i s e d  from m ethanol to  
c o n s ta n t m e ltin g  p o in t .  The y ie ld  was 12.6 g. (94$ of th e  th e o r e t i c a l  
am ount).
n -P ro p y lm ercu ric  C h lo rid e  and n -B u ty lm ereu ric  C h lo rid e
These were p repared  from th e  co rrespond ing  G rignard  re a g en t and 
m ercu ric  c h lo r id e .  The p re p a ra t io n  o f n -b u ty lm ereu ric  c h lo r id e  i s  des­
c r ib e d .
n-Butylm agnesium  c h lo r id e  was p repared  hy r e a c t io n  o f  n -b u ty l-  
c h lo r id e  (5 0.054  mole) w ith  magnesium tu rn in g s  (1 .2  gj 0.05  mole) in
anhydrous e th e r .  The G rignard  re a g en t was slow ly  added v ia  a f l e x ib le  
tu b e  to  a su spension  o f m ercuric  c h lo r id e  (14 g? 0.052  mole) in  e th e r  
(100 m l.) w ith  s t i r r i n g .  A fte r  a d d it io n , th e  m ix ture  was s t i r r e d  fo r  
1 hour and th e n  decomposed by th e  a d d it io n  o f ic e - c o ld  w a ter (20 m l.) 
fo llow ed  by 0 .5  M h y d ro c h lo ric  a c id  (80 m l.) .  The n -b u ty lm ercu ric  ch lo ­
r id e  was c o l le c te d  a t  th e  pump and washed w ith  d i l u t e  h y d ro c h lo ric  ac id  
(50 m l.) .  The p roduct was r e c r y s t a l l i s e d  from m ethanol to  c o n s ta n t 
m e ltin g  p o in t .  The y ie ld  was 12.3 g . (84$ o f th e  th e o r e t i c a l  am ount).
n -P ro p y lm ercu ric  c h lo r id e  was p rep ared  on 0 .0 5  m olar s c a le  w ith  
r e s p e c t  to  magnesium used . The y ie ld  was 11.4 g . (82$ o f  th e  th e o r e t ic a l
am ount).
( iv )  P u r i f i c a t io n  o f  M ercuric C h lo ride
The m ercuric  c h lo r id e  used was B.D.K. la b o ra to ry  re a g en t grade 
m a te r ia l which was r e c r y s t a l l i s e d  th re e  tim es from m ethanol. The
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r e c r y s t a l l i s e d  s o l id  was d r ie d  in  a 'd ry in g  p i s t o l ’ a t  0 ,5  mm/Hg p re s su re  
a t  th e  h o i l in g  p o in t of ace to n e . H eating  was co n tin u ed  u n t i l  th e  sample 
was a t  c o n s ta n t w eigh t,
(v) P ro p e r t ie s  o f th e  o rg a n o -tin  and organo-m ercury compounds used in  
th e  work
The p ro p e r t ie s  o f th e  o rg a n o - tin  and organo-m ercury compounds 
used in  th e  work a re  g iven  in  T ab le  6 ,1 .
TABLE 6.1
PHYSICAL CONSTANTS OP ORGAFO-TIl'T AND ORGANO-MERCURY COMPOUNDS
Compound M .Pt. °C B .P, °C/mm.Hg R efra c tiv e ci In d e x n p
Pound L i t . Pound L i t  a Pound L it  •
Me Sn - 77-78/760 78/760(65) 1. 4388s5 1 . 438625 <6'
E t Sn 
4
- 60-60 .5 /10 65/12 1 . 4689s5 1 .469325
n - P r .Sn 
4 - 110/9 113/10 1.471325 1.474825
n-Bu.Sn
4 - 144/9 145/11 1.471925 1.472725
i~Bu.Sn 
4 - 162/16 130/10 1.472425 1.474220
i - P r  Sn - 112/13 103-104/10 1 . 4836s5 1 . 485120,2
Et^SnCl - 82/10 89- 91/ 12 ^63^ -
E t2SnCl2 83 84(63) - -
EtSnCl^ - 76/12 197/760 -
Bu^SnCl - - -
EtHgCl 191 -192  '190-19^  - -
EtH gl 181 -183 182 - -
n-PrHgCl 142 143 -
n-BuHgCl 1 2 6 . 127.5 -
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P re p a ra t io n  and P u r i f ic a t io n  o f Added S a l ts
( i )  P u r i f i c a t io n  and S ta n d a rd is a t io n  o f L ith ium  P e rc h lo ra te
The l i th iu m  p e rc h lo ra te  used was B.D.H. la b o ra to ry  grade mat­
e r i a l .  The s a l t  was r e c r y s t a l l i s e d  th re e  tim es from methanol and th en  
d r ie d  in  a ’’d ry in g  p i s t o l ” a t  3 mm./Hg, a t  th e  b o i l in g  p o in t o f ace tone  
fo r  8 h o u rs . A s to c k  s o lu t io n  o f th e  s a l t  was p rep ared  which was app­
ro x im a te ly  0 .5  M in  96$ m ethanol. The p e rc h lo ra te  co n ten t o f t h e  s o l­
u tio n  was determ ined  g ra v im e tr ic a l ly  as te traphenylphosphonium  p e rc h lo ra te  
as fo llo w s s- 1 ml. o f th e  s to c k  s o lu tio n  a t  20 G was tak en  and added
to  a 250 ml. b eak er c o n ta in in g  A.R. sodium c h lo r id e  ( 16 .O g) and d i s t i l l e d  
w a ter (20 m l). A 1.00 x 10 M aqueous s o lu tio n  o f te tra p h e n y lp h o s ­
phonium c h lo r id e  (100 ml) was slow ly  added w ith  s t i r r in g *  (T etrap h en y l­
phosphonium c h lo r id e  was o b ta in ed  from Dr. Theodor Schuchardt G*M.B.H. 
and C o ., Munchen, Germany.)
A w h ite  f lo c c u le n t  p r e c ip i t a t e  formed and th e  s o lu tio n  was a l l ­
owed to  s tan d  o v e rn ig h t. A f u r th e r  p o r tio n  o f  re a g e n t was added to  th e
su p e rn a ta n t l iq u id  to  t e s t  f o r  p e rc h lo ra te .  The s o lu t io n  was f i l t e r e d  
th rough  a p re v io u s ly  weighed s in te re d  g la s s  c ru c ib le  which had been h ea ted  
a t  110°C to  c o n s ta n t w e ig h t. The p r e c ip i ta te  was washed w ith  ic e - c o ld
w a te r  and d r ie d  a t  th e  pump. The c ru c ib le  and p r e c ip i t a t e  were h ea ted
a t 110°C to  c o n s ta n t w e ig h t. The p e rc h lo ra te  c o n c e n tra tio n  in  th e  s to c k
s o lu t io n  was c a lc u la te d .  D u p lic a te s  agreed to  ^0 .3 $
( i i )  P re p a ra tio n  and S ta n d a rd is a t io n  o f Tetra-n-Butylam m onium  P e rc h lo ra te
Sodium p e rc h lo ra te  (8 g .)  was d is so lv e d  in  d i s t i l l e d  w a te r (50 ml) 
and added to  a 250 m l. beaker c o n ta in in g  tetra-n-buty lam m onium  io d id e  
(22 g) d is so lv e d  in  so lv en t 5$ m ethanol 5 95$ w a te r (100 m l). A w hite  
f lo c c u le n t  p r e c ip i t a t e  o f  tetra-n-buty lam m onium  p e rc h lo ra te  form ed. The
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s o lu t io n  was f i l t e r e d  a t  th e  pump and washed w ell w ith  ic e - c o ld  w a te r .
Some io d id e  io n  rem ained occluded in  th e  p e rc h lo ra te*  which was th en  r e ­
c r y s t a l l i s e d  from so lv e n t 50$ m ethanols 50$ w a te r . The f r e s h ly  r e c r y s t ­
a l l i s e d  s o l id  gave no t e s t  fo r  io d id e  ion* hu t showed a s tro n g  hand a t 
-13500 cm a f t e r  d ry in g  under vacuum in  a d e s ic c a to r .  The r e c r y s t a l l i s e d  
compound was d r ie d  in  a "d ry in g  p i s to l "  a t 2 mm/Hg u n t i l  th e  hand a t 
3500 cm was lo n g e r  a p p a ren t.
An approx im ate ly  0 .2 5  M s to ck  s o lu t io n  o f th e  p e rc h lo ra te  in  96$ 
methanol was p rep ared  and th e  p e rc h lo ra te  co n ten t determ ined  g ra v im e tr ic -  
a l l y  as tetraphenylphosphonium  p e rc h lo ra te  hy th e  same method as d e sc rib e d  
fo r  l i th iu m  p e rc h lo ra te .  D u p lica te  d e te rm in a tio n s  agreed  to  :k).3$»
The d e n s i t i e s  o f th e  s to c k  s o lu t io n s  Were determ ined  u s in g  a 
s p e c i f ic  g ra v i ty  h o t t l e  a t  25°C.
TABLE 6 .2
DENSITIES OF ADDED SALTS IK 96$ MBTHANOL AT 25°C
S a lt C o n cen tra tio n  (M) D en sity  (g/m l)
LiClO.
4 O.46OO 0.8407
Bu?NC10 4 4 0.2566 0.8220
C. P re p a ra tio n  and P u r i f i c a t io n  o f  S o lv en ts
( i )  P u r i f i c a t io n  o f Methanol
The m ethanol used was o b ta in ed  in  h u lk  from B urrough’s .  I t  
was d i s t i l l e d  in  5 l i t r e  h a tch e s  under an atm osphere o f n itro g en *  th e  
f i r s t  250 ml. o f each d i s t i l l a t i o n  b e in g  d isc a rd e d . The f r a c t io n  d i s t ­
i l l i n g  between 64 . 5° and 65°C was c o l le c te d  and s to re d  in  th e  d a rk  in  
t i g h t l y  s to p p ered  W in ch este rs .
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The sp e c tro sc o p ic  p u r i ty  o f th e  h u lk  methanol was checked occ­
a s io n a l ly  a g a in s t B.D.H. methanol ( s p e c ia l  fo r  sp ec tro sco p y  g ra d e ) . In  
a l l  cases  tra n sm iss io n  was g r e a te r  th an  99*8$ o f  th e  " s p e c ia l  fo r  s p e c t r ­
oscopy grade" m ethanol.
( i i )  D eterm ination  o f th e  W ater C ontent of P u r if ie d  Methanol
The w a te r co n ten t of th e  f r e s h ly  d i s t i l l e d  methanol was d e te r -
(75)mined hy th e  method o f K arl F is c h e r .
K arl F is c h e r  re ag en t was o b ta in ed  from B.D.H. along w ith  a s ta n ­
dard  s o lu t io n  o f w a ter in  methanol (1 m i s 5 , f o r  s ta n d a rd is a t io n
o f  th e  K arl F is c h e r  re a g e n t. 10 ml. a l iq u o ts  o f f r e s h ly  d i s t i l l e d  
m ethanol were t i t r a t e d  a g a in s t  s ta n d a rd ise d  K arl F is c h e r  re a g e n t. I t  
was found th a t  100 ml. o f m ethanol a t  25°C co n ta in ed  O.O56 -  0.001 g . o f 
w a te r . The d e n s ity  o f pure m ethanol a t  25°C i s  O.7867 g/m l (T able 8 .1 ) .  
The above r e s u l t  th en  g iv e s  s
78.67  g . o f pure methanol c o n ta in  O.O56 g . o f w a te r .
( i i i )  P re p a ra tio n  o f M ethanol W ater M ixtures
A ll s o lv e n ts  d iscu ssed  in  fu tu re  s e c t io n s  were p rep ared  by 
w e ig h t, u s in g  f r e s h ly  d i s t i l l e d  m ethanol and f r e s h ly  d i s t i l l e d  w a te r .
The so lv e n t m ix tu res a re  r e f e r r e d  to ,  f o r  convenience, as th e  
volume p e rcen t o f  methanol in  th e  so lv en t b e fo re  m ixing. The a c c u ra te  
com positions o f th e  s o lv e n ts  a re  g iv en  as th e  mole f r a c t io n  o f w a te r (X^ q) ,
■ - i L  6-1
* ^MeOH
where n^ q and HjjeQg a re  number o f moles of w a te r and m ethanol re sp e c ­
t i v e l y  in  any so lv e n t m ix tu re .
The w eigh ts  o f m ethanol and w ater used in  th e  p re p a ra t io n  o f 
so lv e n ts  were c o rre c te d  fo r  th e  w ater co n ten t o f  th e  m ethanol, b e fo re
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c a lc u la t io n  o f th e  mole f r a c t io n .
T able 6 .2  shows th e  so lv en t com positions ( th e  w eigh ts o f  meth­
ano l and w ater a re  f o r  th e  p re p a ra t io n  o f about 250 m l. o f so lv en t m ix tu re ) , 
th e  volume p e rc e n ts  o f m ethanol, and th e  mole f r a c t io n s  o f w a te r .
TABLE 6 .2
SOLVENT COMPOSITION OP VARIOUS METHANOL-WATER MIXTURES
wt.MeOH* 
€ •
wt.H20*
g*
/oMeOH Mole f r a c t io n  H(
v
1 . - 100 0.0012
2 . 197.10 4 .99 98 0.0443
3 . 193.08 10.04 96 0.0858
4 . 186.30 14.97 94 0.1260
5. 178.40 24.96 90 0.1999
6 . 168.52 37.43 85 0.2840
7 . 158.60 49.91 80 0.3596
8 . 138.73 74.87 70 0.4902
9. 128.83 87.34 65 0.5471
* -  th e  w e ig h ts  shown a re  no t c o rre c te d  f o r  w a te r co n ten t o f m ethanol.
** -  c o r re c te d  f o r  w a te r c o n ten t o f m ethanol and i s  th e  t r u e  mole 
f r a c t io n .
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S E C T I O N  V II 
ABSORBANCE MEASUREMENTS OF H g ll SALTS IN THE PRESENCE 
OE POTASSIUM IODIDE IN SOLVENT 96% »HANOLs4% WATER
A. G eneral P rocedure
The in s tru m e n ts  used f o r  sp ec tro p h o to m etric  measurements were 
a Unicam SP 800 re c o rd in g  sp ec tro p h o to m ete r, and a Unicam SP 500 s p e c tr ­
ophotom eter f i t t e d  w ith  a 570 ty p e  c e ll-h o u s in g  a ttach m en t. Both i n s -
otru m en ts  were th e rm o s ta tte d  a t  25 C and absorbance measurements were c a r ­
r i e d  out u s in g  matched 1 cm. sq u a re , s to p p e red , s i l i c a  c e l l s  a g a in s t  a 
b lan k  o f so lv e n t 96% m e t h a n o l w a t e r .  A c e l l - s o lv e n t  v e rsu s  c e l l -  
so lv e n t c o r re c t io n  was always made. In  a l l  o f th e  ex perim en ts, u n le ss
o th erw ise  s t a t e d ,  th e  so lv en t used was 96% m ethanols4% w ate r p rep a red  as
(70)
d e sc rib e d  on page , and a l l  absorbances were measured a t  25°C.
A bsorp tion  maxima were found a t th e  fo llo x d n g  w avelengths 
270 r y u .  m ercuric  io d id e
255
t r i io d o m e r c u r a te l l  io n
301.5
324 m ^  te tr a io d o m e rc u ra te l l  io n .
In  th e  re g io n  between 300 m and 330 m , io d id e  io n s  were found
n o t to  absorb  ( a t  l e a s t  up to  a c o n c e n tra tio n  o f 0 .1  M), and th e  fo llo w in g
sp e c ie s  were a ls o  found no t to  absorb  a t  c o n c e n tra tio n s  o f up to  a t  l e a s t  
-410 Ms . t e t r a e t h y l t i n ,  e th y lm ercu ric  c h lo r id e , e th y lm e rc u ric  io d id e , t r i -  
e t h y l t i n  c h lo r id e  and t r i e t h y l t i n  io d id e .
B.
( i )  P re lim in a ry  in v e s t ig a t io n  o f th e  system  Hgl0 + I*
3 :
o -»5A s e r ie s  o f s o lu t io n s  were p rep ared  a t  25 C, c o n ta in in g  5*0x10 M
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m ercuric  io d id e , and v a rio u s  c o n c e n tra tio n s  o f po tassium  io d id e  ran g in g  
- 5  -2from 5*0x10 M to  5*0x10 M. The s p e c tra  o f th e se  s o lu t io n s  were th en
o b ta in ed  u sin g  th e  SP 800, and i t  was found th a t  th e  absorbance a t  301.5
-3  -3and a t  315 rem ained c o n s ta n t over th e  range 1.0x10 M to  5*0x10 M 
in  po tassium  io d id e . Measurements were th e n  made a t 301.5  m/w- and
324 r y * -  u s in g  th e  SP 500 sp ec tro p h o to m ete r, and th e  r e s u l t s  a re  g iven  in  
Table 7*1*
TABLE 7.1
ABSORBAPCSS OF 5.0x10^M  MERCURIC IODIDE SOLUTIONS 
COM’AIimiG VARIOUS C OFCEUTRAT IOB'S OP POTASSIUM IODIDE
[ k i] - m 2)301 i 5 m D324 *
5  X  1 0 ~ 5 0 . 4 6 2 0 . 2 8 8
1 X 10~4 0.576 0 .369
5  X 1 0 ~ 4 0 . 6 2 5 0 .419
7 . 5  X  1 0 ~ 4 0 . 6 3 0 0.423
1 x 1 0 ~ 3 0.645 0.430
2 . 5  x 1 0 ~ 3 0 .645 0.431
5 X 1 0 ~ 3 0 .645 0.433
7 . 5  x 1 0 ~ 3 0.645 0.440
1 x 1 0 “ 2 O.669 0.455
2 . 5  x 1 0 ~ 2 0.675 0.492
5 x 1 0  2 O.692 0 .542
( i i )  The E f fe c t  o f  2 .5  x 10 3M KI on th e  Absorbance o f  V arious M ercu ry (il)  
S a l t s
S tandard  s o lu t io n s ,  1 .0  x 10 ^M, o f m ercuric  c h lo r id e , brom ide,
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io d id e  and a c e ta te  were p repared  a t  25°C and th en  d i lu te d  w ith  2 .5  x 10
po tassium  io d id e  so th a t  th e  f i n a l  c o n c e n tra tio n  o f th e  m e rc u ry (ll)  s a l t s  
- 4 - 5la y  between 10 M and 10 M. The absorbances o f th e se  s o lu t io n s  a t
301.5 n^u- was measured on th e  SP 500 and th e  r e s u l t s  a re  g iven  in  T able 
7 .2 . A graph o f absorbance v e rsu s  th e  c o n c e n tra tio n  o f m e rc u ry (il)  
s a l t  gave a s in g le  s t r a ig h t  l in e  p a ss in g  th rough  th e  o r ig in  fo r  a l l  o f
TABLE 1 . 2
THE ABSQRBAHCES AT 301.5 m OF VARIOUS MERCURY (I I )  SALTS
III 2 .5  x 1CT3M KI SOLUTION
M ercu ry (il)  s a l t [ E gX2l  x 10~4M b3 °1 .5
E g l2 0.9725 1.188
0.7169 0.891
0.5130 0 .649
0.2901 0 .374
0.2451 0.321
HgBr2 0.9081 1.123
0.7005 0 .873
0.5125 0 .648
0.2785 0 .359
0.2187 0 .282
. Hg012 0.9117 1.120
0.6189 0.770
0.5144 0.647
0.2971 0 .379
0.1969 0.261
Hg(0Ac)2 0.5293 1.136
0.7295 0 .9 0 6 :
0.4823 0.608
0.2773 0 .358
0.1896 0.246
mth e  above m e rc u ry (il)  s a l t s .  The slope  o f t h i s  l i n e  was c a lc u la te d  by
(71) 4 -1
th e  method o f l e a s t  squares to  be s- 1.242 x 10 l.m o le
0 . ( i )  The E f fe c t  o f 2 .3  x 10 M Potassium  Io d id e  on T r ie th y l t i s r .
C h lo ride  and on E th y lm ercu ric  C h lo ride
o -3  .S o lu tio n s  were p repared  a t  25 C c o n ta in in g  2*5 x  10 M potassium
- 4 - 5io d id e  and from 10 M to  10 M t r i e t h y l t i n  c h lo r id e . The absorbances o f 
th e se  s o lu t io n s  were measured a t  301.5 m/uon th e  SP 500, and i t  was found 
th a t  none o f th e  s o lu t io n s  absorbed a t t h i s  w avelength .
The same procedure was adopted fo r  e th y lm ercu ric  c h lo r id e 9 th e
-3  ■ -4f i n a l  s o lu tio n s  c o n ta in in g  2 .5  x 10 M potassium  io d id e  and from 10 M
-5to  10 M e th y lm e rc u ric  c h lo r id e ; marked absorbances were observed a t 
301.5 m/* The r e s u l t s  a re  shown in  Table 7*3-
TABLE 7 .3
ABSORBANCES OF ETHYLMERCURIC CHLORIDE IN
2 .5  x 10~3M POTASSIUM IODIDE SOLUTION
[EtHgCl] -  M x 10"5 D301,5
1 . 5.0 0.020
2 . 3 .75  0 .017
3 , 3 .25  0 .014
4* 2 .5  0.011
5 . 2.0  0.008
6 . 1.25  0.006
( i i )  The E f fe c t  o f 2 .5  x 10 3M Potassium  Io d id e  on M ixtures of
M ercuric C h lo ride  and E th y lm ercu ric  C h lo ride
A s e r ie s  of s o lu tio n s  were p repared  a t  25°C c o n ta in in g  2 .5  x
-3  -5
10 M potassium  io d id e , 5«0 x 10 M m ercuric  c h lo r id e  and c o n c e n tra tio n s
-Ao f e th y l m ercuric  c h lo r id e  from 2 .0  x 10 to  5 .0  x 10 M. The ab­
so rbances o f th e se  s o lu tio n s  a t  301.5 y u w e r e  measured on th e  SP 5 0 0 ,  and 
th e  r e s u l t s  a re  g iven  in  Table 7*4*
The c o n c e n tra tio n  o f m ercuric  c h lo r id e  in  each s o lu tio n  was 
c a lc u la te d  as s-
[HgCl J  = wt.HgCl s o ln . x [ H g C lJ . 7*1
S T o ta l w x .so ln . 1
where jjSgO ^^i -  I n i t i a l  c o n c e n tra tio n  o f HgCl^
QlgCl0] « C o n cen tra tio n  o f HgCl in  th e  f i n a l  
s o lu t io n .
The c o n c e n tra tio n  o f  m ercuric  c h lo r id e  ob ta in ed  from absorbance m easure­
ments was c a lc u la te d  as  s -
[H g C lJ  = D301,5  7 .2L 2i exp. -----m
where = e x p e rim en ta lly  determ ined  concen t­
r a t io n  o f HgCl^
1)301.5 a absorbance measured a t  301.5  ®
m « s lope  o f graph determ ined  in  s e c t io n
B . ( i i )  ( p a g e ! •
The ex cess  absorbance due to  th e  p resence  o f e th y lm ercu ric  
c h lo r id e  in  th e  s o lu t io n  was determ ined  as s -
C J l  -  (Ch«C1 ^  -  CH80123 b) * m 7 .3
The absorbances due to  added e th y lm ercu ric  c h lo r id e
a re  shown in  'Table 7-4
TABLE 7 .4
THE ABSORBANCES DUE TO THE PRESITICB OF EtHgCl
BT SOLUTIONS OF HgClg and KI
{ k g c i2] g x  10 4m j)3°1.5 1° 4m
j? > u  5
EtHgCl [EtHgCl] M
1. 0.4482 0 .558 0.4464 -0 .0 0 2 0
2. 0 .4539 0.570 0.4560 0.003 1.9224x10"'
3 . 0.4577 0.583 0.4664 0.011 4 .0583x 10"'
4 . 0.4528 O.582 0.4656 0.016 5 . 0052x 10“ '
5 . 0.4558 0.591 0.4728 0.021 6.0214x10"'
6 • 0.4352 0.570 0.4560 0 .026 6 .7 7 1 2x10"!
7 . 0 .4459 0.591 0.4728 0 .033 8.0544x10"'
8 . 0.4438 0.601 0.4808 0 .046 1.0013x10"'
9 . 0.4518 0.683 0.5464 0.117 2.5130x10"'
10. 0.4468 0.796 0.6368 0.236 5.0387x10"'
S E C T I O N  V III  
CONSTRUCTION OP CALIBRATION CURVE AND PROCEDURE
FOR KINETIC flEASUREMBNTS
A. C o n stru c tio n  o f C a l ib ra t io n  Curve fo r  K in e tic  Measurements
A c a l ib r a t io n  curve was c o n s tru c te d  to  determ ine th e  e x te n t o f 
th e  r e a c t io n  s
Et^Sn + HgCl2 -------- > EtHgCl + Et^SnCl 8,1
The maximum c o n c e n tra tio n  o f m ercuric  c h lo r id e  th a t  can he d e t­
erm ined e x p e r im en ta lly  hy spectrO photom etric  measurements as Hgl^ i s  
ahout 10 assum ing measurements u s in g  1 cm. c e l l s  and t'ge maximum ab­
sorbance o f  1.200 th a t  can he determ ined  a c c u ra te ly  on th e  SP 500*
Sim ulated  re a c t io n  m ix tu res were p rep ared  such th a t  th e  conc­
e n t r a t io n  o f m ercuric  c h lo r id e  v a r ie d  from 1.0 x 10~^M to  z e ro , t h a t  o f 
t e t r a e t h y l t i n  from 1 .0  x 10 ^ to  z e ro , and th o se  o f e th y lm e rc u ric  c h lo r id e  
and t r i e t h y l t i n  c h lo r id e  from zero  up to  1 .0  x 10 ^M. The so lv en t
used was 96% m ethanol c o n ta in in g  2 ,5  x  10”^M po tassium  io d id e . The
-2method used was to  p rep are  1 .0 x 10 M s o lu tio n s  o f  th e  r e a c ta n ts  and
p ro d u c ts  in  96% m ethanol. The sim u la ted  r e a c t io n  m ix tu res  were p repared
such th a t  th e  f i n a l  volume o f s o lu t io n  was 20 ml. For exam ple, 0 .2  ml.
- 2o f a 1.0 x 10 M s o lu t io n  of m ercuric  c h lo r id e  in  96% methanol p lu s  0 .2  ml. 
-2o f  a 1 .0  x 10 M s o lu t io n  o f t e t r a e t h y l t i n  in  96% m ethanol p lu s  19»6 ml.
~3o f  a 2 .5  x 10 M s o lu t io n  o f po tassium  io d id e  g iv e s  20 ml. o f s o lu t io n  
c o n ta in in g  r e a c ta n ts  a t  a c o n c e n tra tio n  o f 1 .0  x 10~^M each . The s o l­
u tio n s  were p rep ared  in  t r i p l i c a t e .
Absorbance measurements were made on th e  s o lu t io n s  a t w avelengths
301.5  imu-and 315 nucand g raphs o f absorbance v e rsu s  c o n c e n tra tio n  o f
m ercuric  c h lo r id e  were p lo t te d .  In  each case  a s t r a ig h t  l in e  was ob­
ta in e d  which d id  n o t pass  th rough  th e  o r ig in .  These l in e s  were t r e a te d  
as ' .
= m x [ E g C l ^ J  + c  8 .2
where i s  th e  absorbance, m th e  s lope  o f  th e  l i n e  and 
c th e  in te r c e p t .
The v a lu e s  o f  m and c were c a lc u la te d  u s in g  th e  method o f  l e a s t  
(71)sq u a re s , th e  e q u a tio n s  b e in g
m
I x 2  -  ( I x ) 2/:&r
c = ^_y/W -  mBc/ftf 8 .4
where x = CHgCl^ j and y * D'
The fo llo w in g  v a lu e s  o f  m and c were o b ta in ed  t
a t  301.5 m/A. (
m = 1 .1 9816 x  104
c as 0.046
a t  315 him 
/
m as 1.01240 x 104
C as 0 . 0 3 6
The v a lu e  o f th e  in te r c e p t  a t  301.5 n^tcshould be th e  absorbance
o f a 1 .0  x 10 4M s o lu t io n  o f  e th y lm ercu ric  c h lo r id e  in  96$ m ethanol co n t­
a in in g  2 .5  x 10 po tassium  io d id e . R eference to  Table 7*4 (page 173) 
shows th a t  t h i s  indeed  co rresponds to  th e  absorbance o f e th y lm e rc u ric  
c h lo r id e  a t  1 .0  x 10 4M c o n c e n tra tio n , determ ined  by an a l t e r n a t iv e  method.
B. T h e rm o sta ttin g  Procedure 
A ll r e a c t io n s  were c a r r ie d  out in  a th e rm o s ta tte d  o i l  b a th  a t  
e i t h e r  25°C or 40°C. The type o f b a th  used was a Townson and M ercer 
type  E770 s e r ie s  I I  which had been f i t t e d  w ith  a wooden l i d .  The b a th  
was f i l l e d  w ith  o i l  (B .P . E nergol JS -A ). The b a th  tem p era tu re  was 
m ain ta ined  a t  40°C o r 25°C — 0 .01°C , measured a g a in s t  an F .P .L . c a l ­
ib r a te d  therm om eter.
C. Sampling Procedure D uring K in e tic  Experim ents and th e
C a lc u la tio n  o f C o n cen tra tio n  o f M ercu ry (il) S a l t  in  96% Methanol
R eac tio n  m ix tu res  vrere g e n e ra lly  p rep ared  such th a t  th e  i n i t i a l
-3c o n c e n tra tio n  of m ercuric  c h lo r id e  was about 1 .0  x 10 M. Samples were
withdraw n from tim e to  tim e and quenched in  a g iven  volume o f  2 .5  x  10
po tassium  io d id e  in  3 6 $  methanol in  any p a r t i c u la r  k in e t ic  ru n . T h is
g iven  volume was chosen so th a t  th e  c o n c e n tra tio n  o f m ercuric  c h lo r id e  in
th e  f i n a l  quenched s o lu t io n  was 1 .0  x 10 4M a t th e  s t a r t  o f th e  ru n .
For exam ple, a ru n  w ith  an i n i t i a l  c o n c e n tra tio n  o f m ercuric  c h lo r id e  o f 
-21 .0  x 10 M re q u ire d  th a t  0 .2  ml. sam ples o f th e  r e a c t io n  m ix ture  should  
be quenched in  19*8 ml. o f th e  po tassium  io d id e  s o lu t io n .
The c o n c e n tra tio n  o f m ercuric  c h lo r id e  was c a lc u la te d  from th e  
absorbance o f th e  r e s u l t in g  quenched s o lu t io n s ,  and th e  c a l i b r a t io n s  
o b ta in ed  in  S e c tio n  A ., above. Hence,
CHgClpl ■ ])301*5 _ 0.046  w t. o f quench s o lu t io n  8 .5  
  x
* w t. o f  r e a c t io n  sample1.19616 x 10 -
-1
where th e  c o n c e n tra tio n  o f m ercuric  c h lo r id e  i s  g iv en  in  m o le .l , and 
where th e  d i lu t io n  has been determ ined  by w eight ( i t  hav ing  been assumed 
th a t  th e  d e n s i t i e s  o f th e  quench s o lu t io n  and o f  th e  r e a c t io n  sample are
e q u a l) .
D. M o d ifica tio n  o f th e  Above Procedure 
For Use With O ther S o lv en ts  
As s ta te d  above, i t  i s  assumed th a t  th e  d e n s i t i e s  o f th e  quench 
s o lu t io n  and of th e  r e a c t io n  sample a re  e q u a l. T h is  assum ption does 
no t app ly  f o r  o th e r  so lv en t m ix tu res  and i t  i s  n ecessa ry  to  apply  a c o r r ­
e c t io n  to  th e  w eight o f th e  r e a c t io n  sample when th e  re a c t io n  i s  c a r r ie d  
out in  s o lv e n ts  o th e r  th a n  $ 6 %  m ethanol. T h is  in  f a c t  r e q u ire s  con­
v e r t in g  th e  w eight measurements to  volume measurement^, so t h a t  f o r  s o l ­
v e n ts  o th e r  th an  9 6 fo  m ethanol, eq u a tio n  8 .5  becomes :
fHgCl j  = D -  0 .046 w t.K I s o ln .^ ^ - r  + w t. o f r e a c .^ 2 q /,LKI •% /- a ---- — — — x sample//?
1.19616 x 10* ------------------------------------------- - -----
w t. o f  re a c  s a m p le /^
8 .6  (a)
301.5  „  r \ / l £  t . t+  v t  — .1 4- ~  ~  ^  KI
T
[HgCl^] -  D * -  O.O46 w t.K I s o ln . + (w t.o f  reac .sam p le  x
 -----     x ^ r
1.19616 x 10 w t. o f  r e a c . sample x KI
8.6 (b)
— 0
where = th e  d e n s i ty  o f a 2 .5  x 10 M s o lu tio n  o f po tassium  io d id e  in
% m ethanol a t  25°C.
= th e  d e n s ity  o f th e  so lv e n t in  which th e  r e a c t io n  i s  be in g  
c a r r ie d  o u t, a t  25°C.
When la rg e  volumes o f r e a c t io n  sam ples i n  s o lv e n ts  o th e r  th a n  
9 6 %  m ethanol were quenched, th en  th e  com position  o f th e  i n i t i a l  quench 
s o lu t io n  was v a r ie d  such th a t  i t s  f i n a l  com position , w ith  r e a c t io n  sample 
was 96% m ethanol. For exam ple, a r e a c t io n  in  85$ methanol a t  a conc­
e n t r a t io n  o f 1 .0  x 10 r e q u ire s  1 ml. o f r e a c t io n  sample to  be quenched
in  9 ml* o f 2 .5  x  10 \  KI in  97*2$ m ethanol, to  g iv e  th e  com position  o f 
f i n a l  quench s o lu t io n  as 9 6 $  m ethanol.
So lven t D e n s itie s  and Expansion F a c to rs  
So lven t d e n s i t ie s  of th e  v a rio u s  m ethanol-w ater m ix tu res empl­
oyed were determ ined  u sin g  a s p e c i f ic  g ra v i ty  b o t t l e ^ ^  a t  25°C and 40°C. 
The r e s u l t s  a re  shown i n  T able  8 .1 .
TABLE 8.1
SOLVEM1 DENSITIES AMD EXPANSION FACTORS
Solvent 
$  MeOH
e 25
g . /m l .
£ 4 0
g ./m l.
Expansion
f a c to r .
100 0.7867 0.7765 O .987O
98 0.7946 0.7843 0.9871
9 6 0 .7965 0.7870 0.9881
94 0.8080 0.7985 0.9883
90 0.8215 0.8121 O.9886
85 0.8377 0.8284 0.9889
80 O.8522 0.8430 0.9892
70 0.8792 0.8701 0.9897
65 0.8917 0.8826 O.9898
The expansion  f a c to r s  a re  used to  c a lc u la te  th e  i n i t i a l  concen t­
r a t io n s  o f r e a c ta n ts  f o r  r e a c t io n s  c a r r ie d  out a t  40°C -  a l l  c o n c e n tra tio n s  
Leing d e fin e d  on th e  m olar s c a le .
P1* P rocedure Adopted U sing O ther T e t r a a lk y l t in s  
I t  has been assumed th a t  th e  same c a l ib r a t io n  c o n s ta n ts  (page 175 )
apply  fo r  a l l  t e t r a a l k y l t i n s  employed, th e  only  e r r o r  in tro d u ced  b e in g  
th e  d if f e r e n c e s  in  absorbance o f th e  co rrespond ing  a lk y lm ercu ric  c h lo r ­
id e s  a t  a c o n c e n tra tio n  o f 1 x  in  2 .5  x 10~^M KI in  9 6 $  m ethanol.
I t  has been assumed, fo r  th e  d i lu te  s o lu t io n s  employed, t h a t  
th e  d e n s i t i e s  o f th e  r e a c ta n t  s o lu t io n s  and th e  r e a c t io n  m ix ture  a re  
equal to  th o se  o f  th e  pure s o lv e n ts .
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S E C T I O N  IX
CALCULATION OF RESULTS
A. E quation  fo r  th e  C a lc u la tio n  o f 
R e su lts  o f K in e tic  Experim ents 
The r e a c t io n  between t e t r a a l k y l t i n s  and. m ercuric  c h lo r id e  i s  
env isaged  as be in g  s
ku
R^Sn + HgCl2  Z - j r  R^SnCl + RHgCl 9*1
a -  x  b -  x x xo o
where a i s  th e  i n i t i a l  c o n c e n tra tio n  o f  t e t r a a l k y l t i n  o
b i s  th e  i n i t i a l  c o n c e n tra tio n  o f m ercuric  c h lo r id e ,
o
x i s  th e  c o n c e n tra tio n  o f p ro d u c ts  formed in  th e  r e a c t io n  
a t  tim e , t ,
i s  th e  seco n d -o rd e r r a t e  c o n s ta n t fo r  e q u a tio n  9*1 
The r a t e  e q u a tio n  i s  s
dx * k ^ (a  - x ) ( b  -  x )  9*2
a t 2 0
In  i t s  in te g ra te d  form , e q u a tio n  9*2 becomes s
k ^ t = 1  In  b (a  -  x) ^ ^2    o ' o '  9*3
a  ~  b   r r ---------- Co o  a (b -  x)o o
For r e a c t io n s  a t  25°C, no c o r re c t io n s  have to  be a p p lie d  to  
te rm s on th e  r i g h t  hand s id e  o f eq u a tio n  9«3» For r e a c t io n s  a t  40°C th e
v a lu e s  o f a Q and bQ o u ts id e  th e  lo g a r ith m ic  term  a re  c o rre c te d  f o r  so lv en t 
expansion  betw een 25°C and 40°C (see  T able  8 .1 , page 1 7 ^ .  Terms in s id e  
th e  lo g a rith m ic  e x p re ss io n  a re  no t c o r re c te d  as  th e  e x p a n s io n  f a c to r s  
can ce l o u t.
The v a lu e  o f  (b -  x) in  e q u a tio n  9*3 i s  e q u iv a le n t to  th e
v a lu e  [H g C lJ  o f eq u a tio n  8 .5  (page176)» Knowing t h i s  v a lu e , a  , b ,
c 0 0
and t ,  i t  i s  p o s s ib le  to  c a lc u la te  th e  value o f k^*
A computer programme was w r i t te n  f o r  use on th e  F e r r a n t i  S i r iu s  
com puter, to  c a lc u la te  th e  v a lu es  o f k ^ t and k^ o f eq u a tio n  9*3* The 
programme i s  shown on pagel82  (F ig u re  9*1)*
B* Com putation o f R e s u lts  A llow ing fo r  a
Secondary E q u ilib riu m  R eac tio n
I t  i s  p o s s ib le  th a t  f u r th e r  to  th e  r e a c t io n  shox-fn in  eq u a tio n
( 25)
9.1 (pagel8o) *  secondary  e q u ilib r iu m  r e a c t io n  w i l l  occu r, such th a t  
th e  o v e ra l l  r e a c t io n  scheme becomes :
9 .4
R^Sn + HgCl2  R^SnCl + RHgCl
a ~ x b -  x -  y x - y  x0 0
______ a. + ( . )
R^SnCl + HgCl ^   R3Sn + h§c13
x -  y bQ-  x -  y  y  y
where y i s  th e  c o n c e n tra tio n  o f H g l ^  (o r R ^ S n ^ )  formed i n  
th e  r e a c t io n  a f t e r  tim e , t .
The r a t e  eq u a tio n  f o r  t h i s  r e a c t io n  i s  s
dz * k  (a  -  x )(b  -  x -  y ) .  9 .5
d t * 0 0
I t  i s  ex trem ely  te d io u s  and d i f f i c u l t  to  in te g r a te  t h i s  eq u a tio n
and i t  was in  f a c t  so lved  by num erical a n a ly s is  u s in g  th e  E u le r-M a c lau rin
O 11)theorem . A com puter programme was w r i t t e n  f o r  use on th e  E l l i o t
503 com puter to  c a lc u la te  th e  v a lu e s  o f  k ^ t and k^ o f th e  in te g ra te d  form 
o f  e q u a tio n  9*5* The programme i s  shown on p ag e^83 (F ig u re  9*2).
jj'igure ? .x .
Com putation o f th e  r a te  c o n s ta n t  u s in g  the  
F e r r a n t i  S i r iu s  computer*
J t l  — —  -  ; -
UL=TAPS
r|2=rjlx4 ■'
Vl=TilPSV)2 
V200=TAPE3 ■ ' '
V203=V202
l'202=V202xV200
J/203=V203xj/201
V204=0©046
>203=11961.6
m i
COMPUTATION OF TBS RATS CONSTANT 
WAVSLEN&TH VALUE 301*5
r52=l
n3=ri2‘i-r|l ' A
t*4^)3-ht1
rj4=T]4*^ Yll
*n5=o
TEXT ::
TIME B-X A-X ’ Kxl RATE
2)V300=)/r3-v204 
V300=F3OOxyrA- 
F300=v300/V 205 
V3 01=V 201-}/3 00 
V301=V200- ^ 3 01 
V302=V202- y 203 
V302= lo 0/N302 
V 303=l30l/>300 
V 303=K3 03x ^201
V303=V5 03/V 200
V3O3=L0G-N3O3
V302=4302xy303
V303==j/302/i/ri2
pan^QVn2,3i22
PRINTV300*4086
PRINTy301 , U 26
■HtINTi^'02,4125 
PRENT)/303> 4144
Ti2=il2-i*l
T]3=r'i3^1
ri4^ l4* l
■^ 2j)r |l> 'n 2
->3,'05=2
WAVELENGTH VALUE .315.0
Ti2=l
U5=rj2-rnl 
n3=n3-Kni 
ri4=Ti3*Mr)l 
1/204=0.056 
^205=10124*0 • 
«5»1'
3)5T 0?(.0)
F ig u r e  9 * 2 .
C o m p u ta tio n  o f  th e  ra te -  c o n s ta n t  u s in g  th e  E l l i o t  
503 com puter*
b e g in  a r r a y  TIl'IS, d i l ? den  jl :25.J [0^25] ;
r e a l  a 2 y »b 2 5 »bx25 j aZf0 , b 4 0 , ,c, e , e x p a n d , K2T, K2, K40, y , u , v , w, u2
i n t e g e r  . 11, m, i , 1 ,  j , EOF, t ; 
i n t e g e r  a r r a y  t i t l e  fjO: 20j ; 
s w i tc h  s :=  L1 ,L 2 ,L 3 ',L 4 ; 
r e a l  p ro c e d u re  F ( y ) ; 
r e a l  y ;
' b e g in  F :  = v / ( .a 4 0 -y ) /(w -v * y * s q r t(u 2 - u * y *  ( b 4 0 - y ) ) )
e n d ;
comment i n s e r t  p ro c e d u re  i n t e g r a l  and  e r r o r ;
boolean procedure  e r ro r  ( p ,q ,n ) ;
yp-luo p ,q ,n ;
r e a l  p ,q ;
in te g e r  n ;
begin  r e a l  r ;
in te g e r  i , j ; 
sw itch  s := - e r o ;
comment i f  p and q a re  e q u a l, c o r r e c t  to  11 s ig n i f ic a n t  f ig u r e s , th e n  e r r o r  i s  
t ru e  o th e rw ise  f a l s e ; 
i f  p=C,0 t hen 
begin  i f  q -0 .0 t hen
beg in  e r r o r : = t r u e ; 
go to  zero
end e ls e
beg in  p := q ;
q := 0 .0
end
en d ;
p := a b s (p ); q := a b s (q );
i f  p>1.0 then  r := 0 .1 e ls e  r := 1 0 .0 ; •
i : = j : =0.;
fo r  i:= i+ 1  v/h ile  p<0.T or_ p>1.0 do 
begin  p := p * r;
. J :  = 1 . . .. ■■ • “ ■
e n d ;
q : =q*r T j ; ‘ .
:=1C n; 
j : = p * i ; 
i : - q * i ;
e r r o r : = l f  i - j  then  t ru e  e ls e  fa ,lso ; ?oro:
end ;
r e a l  p rocedure  i n t e g r a l ( f ,x ,x o ,x n ,n ) ; 
va lu e  x o ,x n ,n ; 
r e a l  f ,x ,x o ,x n ;  
in te g e r  n ; 
beg in  r e a l  a ,a r e a ,h ;
, sw itch  h h := h a lv e ;
h := (x n -x o )* 2 ;
x := x o ;
a re a := f ;  
x : - x n ;
a r e a : - ( a r e a + i ) * h /4 ; 
h a lv e : i i : = : h / 2 ;
a := a r e a ;
x:=xo+h/2; 
a r© a := f;
. .. fo r  x:=x+h v/hile x<xn do 
a re a := a re a + f ;
. area:=: (a + h * a rea )/2 ;
if error(a,area,n) then integral:=area else 
goto halve
end for integration by the trapezium rule ,continually 
halving the interval for accuracy;
n:=0;
x[0]:=0.0;
L I : n:~n+1;
topofform;
print ££12?experiment no. ,samelin©,digits(3},n,££l??; 
t : =° ; ,
instring (title,t); 
read a25,b25,m,k40,expand; 
a40 : =Qxp.and*a25; 
b4C:=expand*b25; l:=m -1; 
u:~k4G*b4G; 
u2:~u*u; 
v : - 2 . C * ( k 4 0 - 1 )  ; •
\v:=v*b4G-u;  . 
u:=2 ,C*v::<k40 ;
■ ^or i : = 1 stop 1 until m do 
read TIME[i],dil[i];
; c := 0 .C 46;  e := 1 1 S 6 1 .6 ;  r l i n e S l
1 1 -0 ;
>u outstring (title,t) ;
print ££12?3G1.5 mm?;
goto  L3;
L2: c: = C.C36; e:=10424.C ; l in e 8 6
pr i n t  ££12?315 mm?; . .
L3: fo r  i  s te p  1 u n t i l  m do
read  d e n [ i ] ;  , ;;
read  EOF;
fo r  i:= 1  s te p  1 u n t i l  m do_ i !
begin  r e a l  q ; . !j
■ bx25:= ( d e n [ i ] - c ) * d i l [ i ] / e ; 
q :=b25-bx25;
x [ i ]  :=expand*q . . j
e n d ;
p r in t  ££ls5?tim e£s1C  ?op den£s12?dil£s12?b-x£s14?k2t£s14?k2£l??  ; |l
K2T:=C.G ;
fo r  i : =0 s tep  1 un t i l  1 do
beg in  j : ^ i + 1 ; |
i f ,  x[ j  ]< x [ i ] th en  j  :=;j+1 ; , .}
K2T:=K2fT+ n te g r a l  (F(y) , y , x [ i ] , x[ j  ] ,  6) ; j
K2 : -K2T/i IIvE f  j  ] ; 
p r in t  a l ig n e d (7 ,2 ) ,TIME[.j], sam e lin e , f r e e p o in t  (4) ,£ £ s8 ?? ,d en [.j ] ,
a l ig n e d (3 ,4 ',£ £ s 9  ? , d i l [ j 3 , s c a le d ( 6 ) ,£ £ s 3 ? ? , ( (don[j ] - c ) * d i l [ j 1 / e ) , j 
££s5??,K 2T,££s5??,K 2; I
i f  j —(i+ 2 ) th en  i:= i+ 1  .j
en d ; ' -  ^ '
p r i n t  ££1??; i
goto s[EOFj; L 4 : ' - - ■  !
en d ;
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S E C T I O N  X
THE KINETIC STUDY OF TES REACTION BETWEEN 
TBTRAETHYLTIH MD MCURIC CHLORIDE
A. I d e n t i f i c a t io n  o f th e  R eac tio n  in  9 6 %  Methanol 
—2( i )  2 .0  x 10 M s o lu tio n s  o f m ercuric  c h lo r id e  and t e t r a e t h y l t i n  in
96$ m ethanol were p rep a red . The r e a c ta n ts  were mixed and p laced  in  a
oth e rm o s ta tte d  o i l - h a th  a t  40 C. A fte r  th re e  hours th e  r e a c t io n  m ixture
“ 2was poured in to  d i s t i l l e d  w ater c o n ta in in g  sodium c h lo r id e  (5-0  x 10 M). 
The m ix ture  was e x tra c te d  w ith  ch loroform  (2 x 100 m l .) .  The combined
e x t r a c t s  were washed w ith  w a te r , and t th e  ch loroform  s o lu t io n  th e n  evap­
o ra te d  to  about 5 m l-' O n  co o lin g  a w hite  c r y s t a l l i n e  s o l id  s e p a ra te d . 
The c o n ce n tra te d  e x t r a c t  was an aly sed  by g a s - l iq u id  and th in - la y e r  ch ro ­
m atography.
The w h ite  s o l id ,  tw ice  r e c r y s t a l l i s e d  from m ethanol, had m.p. 
192-193°C, th e  same as e th y l m ercuric  c h lo r id e  ( l i t .  192-193 °C ). A
m ix ture  of th e  w h ite  s o l id  and a sample of e th y lm e rc u ric  c h lo r id e  had 
m.p. 191°-192°C.
( i i )  A n a ly sis  o f th e  r e a c t io n  m ix tu re  in  Chloroform  by T hin-L ayer
C hrom atography (T. L . C.)
The th in - l a y e r  chrom atographic a n a ly s is  was c a r r ie d  out by th e
(72)method o f  B U rg e r.' '  G lass p la te s  covered w ith  a 0 .2 5  mn*» th ic k  la y e r  
o f s i l i c a  g e l were o v^n -d ried  a t  120°C and th en  allow ed to  cool in  a des­
i c c a to r .  The d e v e lo p ! n g s o lu t io n  was a m ix ture  o f iso p ro p an o l (2 v o ls . )  
and a b u ffe re d  ammonia so. u tio n  (1 v o l . ) .  The b u ffe re d  ammonia s o lu t io n  
was p rep ared  from 10$ ammonium carb o n a te  s o lu t io n  (250 m l .) ,  d i s t i l l e d  
w a ter (80 m l.) and c o n ce n tra te d  ammonia (45 n i l .) .  The so lv en t-w as
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p laced  in  a c lo sed  g la s s  tan k  and allow ed to  e q u i l ib r a te  f o r  h o u rs .
The p la te s  were th e n  p laced  in  th e  s o lu tio n  and allow ed to  develop  f o r
3-4  h o u rs . The p la te s  were th e n  removed and th e  p o s i t io n  o f th e  so lv en t
f r o n t  was marked. The p la te s  were d r ie d  in  a s tream  o f  a i r  and th e n
p laced  under an u l t r a - v i o l e t  lamp fo r  20 m inu tes, fo llow ed  by sp ray in g
w ith  a 1 .0#  s o lu t io n  o f d ith iz o n e  in  ch lo ro fo rm . They were th en  d r ie d
oin  th e  oven a t  110 C f o r  10 m inu tes. The d is ta n c e s  from th e  o r ig in  to  
th e  c e n tre  o f each spo t was measured and th e  R ,^ v a lu e s  were determ ined  
from  th e  e q u a tio n
R -  d is ta n c e  moved in  cms. by substance
d is ta n c e  moved in  cms. by so lv en t f r o n t .
A p la te  was developed which co n ta in ed  th e  fo llo w in g  compounds, 
s e p a ra te ly ,  as w ell as th e  e x tra c te d  re a c t io n  m ix tu re , s- E t^Sn, HgCl^j 
E t^SnC l, E t^SnC l^, E tS n C ly  EtHgCl and r e a c t io n  m ix tu re . The R^ , 
v a lu e s  o f HgCl^, E t^SnC l, B t^SnCl^, EtSnCl^EtHgCl and th e  components o f 
th e  r e a c t io n  m ix ture  were c a lc u la te d  and a re  shown in  Table 10 .1 . No 
sp o t was observed fo r  Et^Sn as t h i s  does n o t complex w ith  d i th iz o n e .
TABLE 10.1
R„ VALUES OP VARIOUS ALKYLTIN AND ALKYLMERCURIC HALIDES —P----------------------------------------------------------------------------------------
Compound R_ v a lu e  P
T e t r a e th y l t in -
T r i e t h y l t i n  c h lo r id e 0 .4 4
D ie th y l t in  d ic h lo r id e 0 .0 6
E th y l t in  t r i c h lo r id e 0 .0 3
E th y lm ercu ric  c h lo r id e 0 .2 6
M ercuric c h lo r id e 0 .9 5
R eac tio n  m ix ture 0.44,0 v 26
188
( i i i )  A nalysis  of th e  R eac tio n  M ixture in  Chloroform  by G as-L iquid  
Chromatography (G .L .C .)
A ll an a ly se s  hy th e  method o f g a s - l iq u id  chrom atography were 
c a r r ie d  out on a Pye Argon chrom atograph w ith  a p - r a y  io n is a t io n  d e te c to r .  
The column used was g la ss?  1 .5  m etres long  o f 4 Him. in te r n a l  d ia m e te r .
The column m a te r ia l  was in  two p o rtio n s?  th e  low er h a l f  o f th e  column 
b e in g  packed w ith  acid-w ashed (HCl) c e l i t e ,  80-100 mesh, im pregnated w ith  
10$ s i l ic o n e  o i l .  The upper h a l f  was f i l l e d  w ith  acid-w ashed g la s s  
b a l l i t o n i  o f 0 .75 -0*9  nrai. d iam eter and a sh o rt (3 cm.) fo re-co lum n p laced  
a t  th e  to p . The b a l l i t o n i  served  only  to  sh o rte n  th e  column.
The fo llo w in g  c o n d itio n s  were used in  th e  G.L.C. o f e th y l-m e ta l 
compounds :
Column Tem perature 84.5°C
Flow r a te  68 m l./m in .( fo r  Argon c a r r i e r
__2 gas)
* C y lin d e r p re s su re  5 l b . i n
D e tec to r v o lta g e  1000 v o l t s .
C hart speed 12M/ h r .
Sample s iz e  0 .025-0* i / a .
A sample o f th e  r e a c t io n  m ix ture  in  ch lo ro fo rm  was chrom ato­
graphed and only two peaks were observed . These were i d e n t i f i e d  as 
t e t r a e t h y l t i n  and t r i e t h y l t i n  c h lo r id e  (see  F ig u re  1 0 .1 ) . At no tim e 
was a peak observed fo r  e th y lm e rc u ric  c h lo r id e  e i t h e r  from th e  r e a c t io n  
m ix tu re  o r on a ttem p ted  e lu t io n  o f an a u th e n tic  sample in  ch lo ro fo rm .
( iv )  A n a ly sis  o f R eac tio n  M ixtures by Q u a n tita tiv e  E s tim a tio n  o f
E th y lm ercu ric  C h lo ride
To confirm  th e  above q u a l i t a t iv e  i d e n t i f i c a t i o n  o f p ro d u c ts  o f 
th e  r e a c t io n ,  s e v e ra l  r e a c t io n  m ix tu re s , which had been s tu d ie d  ~ k in e t i c a l l y
F ig u re  1 0 .1 .  .
Chromatograms of tetraethyltin and tri- 
ethyItin chloride.
1. Eeaction mixture
2. friethyltin 
chloride
y —
3. Tetraethyltin
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in  96$ m ethanol, were allow ed to  r e a c t  to  com pletion  o f th e  r e a c t io n .
The re a c t io n  m ixture was th e n  poured in to  w a ter (50 m l.) co n t­
a in in g  s u f f i c i e n t  potassium  io d id e  to  convert a l l  th e  c h lo r id e s  p re se n t to  
th e  co rrespond ing  io d id e s . A w hite  suspension  formed im m ediately , which 
co ag u la ted  q u ic k ly  on th e  a d d itio n  o f crushed  ic e  (250 g ) . When th e  ic e  
had m elted th e  m ix ture  was f i l t e r e d  th rough  a p re v io u s ly  weighed s in te r e d  
g la s s  c ru c ib le .  The p r e c ip i ta te  was washed w ell w ith  co ld  w a ter and 
d r ie d  in  a vacuum d e s ic c a to r  to  c o n s ta n t w e ig h t.
The amount of e th y l mere u r ic  io d id e  p r e c ip i ta te d  was co n v erted  t 'O  
th e  e q u iv a le n t amount o f e th y lm ercu ric  c h lo r id e . T h is  w eight was comp­
ared  w ith  th e  th e o r e t i c a l  amount o f e th y lm ercu ric  c h lo r id e  re q u ire d  fo r  
th e  r e a c t io n ,  assum ing th a t  1 mole o f  e th y lm ercu ric  c h lo r id e  was formed 
from 1 mole o f m ercuric  c h lo r id e . The r e s u l t s  fo r  two re a c t io n s  c a r r ie d  
out in  th e  p resence  o f added l i th iu m  p e rc h lo ra te  a re  g iven  in  T ah le  10 .2 .
The w hite  s o l id  in  each case  had m.p. 180°-181°C ( l i t .  v a lu e  fo r
TABLE 10.2 
QUANTITATIVE ESTIMATION OF BtHgCl
w t .o f  EtHgl (g .) E q u iv a len t w t.o f T h e o re tic a l  w t. $  Recovery
EtHgCl (g .) o f EtHgCl (g .) o f EtHgCl.
' 0 .3218 0.2393 0.2572 93
0.3163 0.2352 0.2574 92
E tH gl, 1 8 2 °C ).^ ^ V  The p r e c ip i t a t e s  were th en  re  c r y s t a l l i s e d  tw ice  from 
m ethanol and a m ix ture  o f th e  w h ite  s o l id  and e th y lm e rc u ric  io d id e  had 
m.p. 182°-183°C.
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B. D eterm ination  o f th e  B ate C onstant o f th e  R eac tio n  
o f T e t r a e th y l t in  w ith  M ercuric C h lo ride  in  96$ Methanol 
a t 40°C with. V arying C o n cen tra tio n s  o f  R eac tan ts
( i )  R eac tan t s o lu t io n s  were p repared  in  50 ml. g rad u a ted  f la s k s  a t  25°C. 
The m ercuric  c h lo r id e  and t e t r a e t h y l t i n  s o lu tio n s  were t r a n s f e r r e d  to  a 
p re v io u s ly  weighed 100 ml. c o n ic a l f l a s k  and a 50 ml. c o n ica l f l a s k  r e s ­
p e c t iv e ly .  The f la s k s  were th e n  rew eighed and p laced  in  a th e rm o s ta tte d  
o i l  b a th  a t  40°C.
A fte r  th e  s o lu t io n s  had a t ta in e d  th e  b a th  tem p era tu re  (30-45 mins) 
th e  r e a c ta n ts  were mixed and shaken v ig o ro u s ly  f o r  a few seconds. The 
r e a c t io n  ze ro -tim e  was tak en  as th e  tim e of m ixing. The 50 m l. c o n ic a l 
f l a s k  which had h e ld  th e  t e t r a e t h y l t i n  s o lu t io n  was th e n  rew eighed and th e  
w eigh ts  o f th e  r e a c ta n t  s o lu t io n s  were c a lc u la te d .
The procedure  d e sc rib e d  on page176 was th e n  fo llow ed . Absor­
bance m easurements on th e  quenched r e a c t io n  m ix tu res  were c a r r ie d  out a t
301.5  and 315 ra as d e sc rib e d  on page 16^
Absorbances measured a t  315 m were used as a check on th o se
measured a t  301.5 m .
In  g e n e ra l ,  f i f t e e n  p o in ts  were tak en  d u rin g  each k in e t i c  ru n .
The i n i t i a l  c o n c e n tra tio n s  o f r e a c ta n ts  were c a lc u la te d  as s
[ m ] ^ ^  c w t. o f M 1000________  w t. o f s o ln . o f  M
M.W. o f M x V o l.o f  f l a s k  X  T o ta l w t.o f  r e a c ta n t  s o ln .
10.1
25 0where Cm]"3 i s  th e  c o n c e n tra tio n  o f r e a c ta n t ,  M, a t  25 C in
-1m o le . l i t r e  .
C a lc u la tio n s  were c a r r ie d  out u s in g  th e  programme f o r  th e  F e r r ­
a n t i  S i r iu s  com puter as shown on page The r e s u l t s  o b ta in ed  from
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th e  computer gave th e  v a lu es  o f k ^ t (e q u a tio n  9*3) f o r  each p o in t ta k en  
d u rin g  th e  ru n , one s e t  of v a lu es  f o r  each w aveleng th . The v a lu e s  o f 
lc^t o b ta in ed  from th e  absorbances measured a t  301.5 were used to  d e t­
erm ine th e  value  o f k ^ . Graphs were p lo t te d  o f k ^ t v s . t ,  th e  s lope
o f th e  graph g iv in g  th e  v a lu e  o f k. ,  In  some ca se s  th e  s lope  o f th e
(71)graph was determ ined  by th e  method o f l e a s t  sq u a re s '1 '  to  check th a t  th e  
l i n e  of k^ t v s . t  passed  th rough  th e  o r ig in .
The r e a c t io n  m ix tu res were quenched and analysed  by G.L.C. and 
T.L.C* as d e sc rib e d  on p a g e s l8 6 - l8 S
The c a lc u la t io n  o f k^ fo r  ru n  number 10 (T able 10*3) i s  g iven  
a s  an example.
K in e tic  Run Cl.,-,10 in  3 6 %  methanol at40°CT "  / — ir. .   r ~
0 4Sn] ^  b e fo re  mixing * 1.9821 x 10 2M
QlgCl^] ^  b e fo re  m ixing * 0.7904 x 10
W t.o f E t Sn s o ln .used * 39*9495 g*4
W t.of HgCl so ln .u se d  = 40.0576 g .
W t.o f r e a c t io n  m ix ture  * 80.0071 g*
jE t Sn]^^ in  r e a c t io n  o
m ix tu re  * 0.9897 x 10 M
fegClgl 25 .in  r e a c t io n
m ix tu re  = 0.3957 x 10—2.
The com puter d a ta , computed r e s u l t s ,  and graph o f k ^ t v s .  t  
a re  shown in  F ig u res  1 0 .2 , 10.3 and 10.4*
( i i )  The E f fe c t  o f Added 1 s4 Dihydroxybenzene
1 s4 dihydroxybenzene (q u in o l) to  th e  e x te n t o f 2-4$ o f th e  conc­
e n t r a t io n  o f t e t r a e t h y l t i n  was added in  two re a c t io n s  as a f r e e - r a d ic a l  
i n h i b i t o r .  Q uinol has some a b so rp tio n  in  th e  w avelength  range 300- 
320 m^ v. and i t  was n e c e ssa ry  to  c o r r e c t  th e  absorbances o f th e  quenched
F ig u re  10 .2
Data F'or The Calculation Of I'lie Rate Constant Of Kinetic
Hun Cl E 10.
N
Hun Cl E 10 
1 5
1 0 . 0  5 0 . 0  40.0 5 0 . 0  5 5 - 0  60.0 6 5 . 0  7 0 . 0
7 5 . 0  80.0 8 5 . 0  9 0 . 0  1 0 0 . 0  1 2 0 . 0  180.0
1 . 1 2 0  0.919 0.821 0.775 0.757 0.697 0 .7 0 7
0.645 0.621 0.552 0.570 0.555 0.522 0,458
0.286
0.955 0 . 7 8 2  0.697 0.659 0.640 0.593 0.600
0.547 0.527 0.469 0.482 0.470 0.440 0 . 5 8 8
0.242
59.7027 40.0186 41.1605, 40.7440 40.6753 
41.9954 3 8 . 8 7 0 2  40.5953 40.2614 45.4527 
40.2528 59.8775 40.8578 40.2612 41.0740
0.009897 '
0.005957
0.9881
No. of points 
'Times
Absorbances 
at 5 0 1 . 5  niw
Absorbances 
at 5 ^ 5  iy*-
Dilutions
o
E
Expansion""
factor
y
F ig u re  10.. 3
Computed Results For Kinetic Run 01 E 10,From The Ferranti
birius Programme. '
Run Cl E 10
Computation of the rate constant 
Wavelength value 301.5
Time
1 0 .0 0 0 0
3 0 . 0 0 0 0
40.0000
5 0 . 0 0 0 0
55.0000
60.0000
65.0000
7 0 . 0 0 0 0
75.0000
80.0000
85.0000
9 0 .0 0 0 0  
1 0 0 .0 0 0 0  
1 2 0 .0 0 0 0
j_J ^  ^
0.003565
0.002921 
0 .0 0 2 6 6 7
0.002483
0.002418
0.002286
0.002148
0.002016
0.001935
0 .0 0 1 8 3 8  
0 .0 0 1 7 6 2
0.001697
0.001625
0.001387
A - X 
0.009505 
0.008861 
0.008607 
0.008423 
0.008358 
0.008226 
0.008088 
0.007956 
0.007875 
0.007778 
0 . 0 0 7 7 0 2  
0.007637 
0.007565 
0.007327
k x t 
10.89454 
32.89260 
43.43385 
51.91612 
55.14132 
61.99845 
69.70281 
77.69594 
82.92110 
89.58773 
95.08406 
100.08713 
105.84383 
127.41356
Rate
1.0895 
1.0964 
1.0858  
1.0383 
1.0026 
1.0333 
1.0724 
1.1099 
1 .1056  
1.1198  
1.1186 
1 . 11 2 1  
1.0584 
1.0618
Wavelength value 315
Time
.1 0 .0 0 0 0
3 0 . 0 0 0 0
40.0000
50.0000 
55.0000
60.0000
65.0000
7 0 . 0 0 0 0
75.0000
30.0000
85.0000  
9 0 .0 0 0 0  
1 0 0 .0 0 0 0
120.00(50
B - X 
0.003604 
0.002949 
0 .0 0 2 6 8 7  
0.002507 
0.002427 
0.002310 
0.002165 
0.002039 
0.001953 
0.001858 
0 .001772 
0.001709 
0 .001630  
0.001400
A-- X 
0.009544 
0.008889 
0.003627 
0.008447 
0.008367 
0 .0 0 8 2 5 0  
0.008105 
0.007979 
0.007893 
0.007798 
0.007712 
0.007649 
0.007570 
0.007340
k x t
9.73277 
31.79980 
42.53144 
50.75648 
54.69421 
60•66573 
6 8 .6 9 1 2 1  
76.26755 
81.78291 
88.15914 
94.34612 
99.10870 
105.47076 
126.11620
Rate
0.9733 
1.0600 
1.0633 
1.0151 
0.9944 
1 . 01 1 1  
1.0563
1.0895 
1.0904 
1 . 1 0 2 0  
1 . 1 1 0 0  
1 . 1 0 1 2  
1.0547 
1 . 0 5 1 0
Figure 10.4.
Graph of k t vs. t for run.Cl E 10.
CM
CO
VO
CM
CM
COCM
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r e a c t io n  m ix tu res fo r  th e  absorbance o f  th e  added q u in o l.
A sample o f q u ino l in  t e t r a e t h y l t i n  s o lu t io n  was w ithdraw n 
b e fo re  th e  s t a r t  o f th e  r e a c t io n  and d i lu te d  in  20 ml, o f 2*5 x  10 KI 
s o lu t io n  in  9 6 %  m ethanol. The absorbance o f t h i s  s o lu t io n  was m easured 
a t  301.5 and 315 ^  • The fo llo w in g  c o r re c t io n  was a p p lie d  to  th e  mea­
su red  absorbances o f th e  quenched r e a c t io n  m ix tu res s-
w t.o f(q u io n o l + KI) s o ln . D^ w t.o f(q u in o l + E t S n )so ln
w t.o f  q u in o l s o ln . X T o ta l  s t . o f  r e a c ^ m ix tu re
10.2
where D^ i s  th e  absorbance o f th e  d i lu te d  q u in o l s o lu t io n  a t
9-
w avelength  A .
D ilu tio n  i s  s -  w t. o f quenched r e a c t io n  sam p le /w t.o f r e a c t io n
sam ple.
I t  was assumed th a t  th e re  was no change i n  th e  spectrum  of 
q u in o l d u rin g  th e  r e a c t io n  and th a t  th e  d e n s ity  o f  th e  t e t r a e t h y l t i n  s o l­
u tio n  was unchanged on a d d it io n  o f q u in o l,
( i i i )  The r e s u l t s  f o r  th e  r e a c t io n  o f  t e t r a e t h y l t i n  w ith  m ercuric  c h lo r id e
i n  9 met hanol  a re  shorn in  T able  10.3* The average v a lu e  o f th e  r a t e
—1 —1c o n s ta n t (k^) was 1.107 0.051  l.m o le  .m in . f o r  th e  tw elve ru n s  in
T able  10 .3 .
C. A ccurate  D e term in atio n  o f th e  R ate C onstant 
a t 40°C in  9 6 %  Methanol 
The r e p r o d u c ib i l i ty  o f th e  method has been in v e s t ig a te d  by d e t­
erm in ing  th e  r a t e  c o n s ta n t o f th e  r e a c t io n  in  m ethanol a t  40°C w ith
th e  i n i t i a l  c o n c e n tra tio n s  o f th e  r e a c ta n ts  kep t c o n s ta n t .  The r e s u l t s  
a re  shown in  T ab le  10.4*
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TABLE 10.3
THE REACTION BETWEEN MERCURIC CHLORIDE AMD 
TETRAETI-IYLTIN IN 96% METHANOL AT 40 °C
[ S s c i2l co n stan t
a x 102 M 0 b i l O 2 0
-1 “  k ^ l.ro o le . min.
1. 1.2351 0.9930 1.075
2 . 1.4838 0.9913 1.159
3 . 1.9737 0.9939 1.155
*
4 . 2.9563 0.9978 1.196
5 . 3.4633 0.9936 1.098
6. 3.9629 0.9914 1.152
[ E t4Sn] c o n s ta n t
7. 0.9971 0.8993 1.064
8 . 0 .9984 0.6974 1.047
*
9. 0,9880 0.5984 1.010
10. O.9897 0.3957 1.104
11. O.9868 0.1989 1.113
12. 0 .9884 0.9917 1.116
*
q u in o l added.
TABLE 10.4
ACCURATE BETERMINAT ION OP THE RATE C OUST ANT IN 9 6% METHANOL AT 40°C
a x 102M 0 b x  102M 0
-1 -1 k ^ l.m o le . min.
.1* 1.2542 1.0018 1.142
2. 1.2760 1.0027 1.149
3 . 1.3282 1.0024 1.150
4 . 1.3140 1.0011 1 .1 5 3 '
5 . 1.2723 0.9984 1 .1 5 1 ^ ° ^
---------------------------A= 1.149^0.004 l.m o ieV  m in .
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C16)The e r r o r s  a re  c a lc u la te d  as
<5". = /  I ( k ,  -  k . ) 21 n 2 l 10.3
n
w h e r e <5^  = s tan d a rd  e r r o r  in  th e  r a t e  c o n s ta n t.l
k^ » mean r a t e  c o n s ta n t a t  tem p era tu re  T^, 
as observed v a lu e  o f  th e  r a t e  c o n s ta n t.
D. The E f fe c t  o f Added L ith ium  P e rc h lo ra te  
on th e  Rate o f R eac tio n  a t  40°C
The c o n c e n tra tio n  o f l i th iu m  p e rc h lo ra te  in  r e a c ta n t  s o lu t io n s  
was c a lc u la te d  from th e  d i lu t io n  of th e  s to c k  s o lu t io n  (p a g e l66 ) hy 96$ 
m ethanol, a t  25°C. The amounts o f LiClO^ s o lu t io n  and 96$ m ethanol 
were determ ined  by w eig h t, th e  m olar c o n c e n tra tio n  o f LiCIO in  r e a c ta n t
Hr
s o lu t io n  b e in g  c a lc u la te d  from th e  above w eigh ts and th e  co rresp o n d in g
d e n s i t i e s  a t  25°C (T ab les 6 .2  and 8 . 1) .
The d e n s i t i e s  o f th e  r e a c ta n t  s o lu tio n s  were determ ined  from th e
ow eight o f s o lu t io n  co n ta in ed  in  a 50 ml. g radua ted  f l a s k  a t  25 C. The 
d e n s i t i e s  a re  shown in  T able  10.5*
R eac tio n  sample w eigh ts were c o rre c te d  as shown in  e q u a tio n  
8 .6  (b) u s in g  th e  d e n s i t i e s  shown in  T able  10.5*
The r e a c t io n  p rocedure  was as p re v io u s ly  d e sc rib e d  (pafeel76 ) .
The c a lc u la t io n  o f th e  r a t e  c o n s ta n ts  was as p re v io u s ly  d e sc rib e d  ( p a g e l 8 l ) # 
The p ro d u c ts  o f th e  r e a c t io n  were found to  be t r i e t h y l t i n  c h lo r id e  and 
e th y lm e rc u ric  c h lo r id e  by th e  methods d e sc rib e d  on pages 186-190  
The r e s u l t s  a re  g iv en  in  T able  1 0 .5 *
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TABLE 10 >5
THE EFFECT OF ADDED LITHIUM PERCHLORATE PIT THE REACTION BETWEEN 
TETRAETHYLTIN AND MERCURIC CHLORIDE IN 9 6 %  METHANOL AT 40 °C
a x  102M 0 b x 102M 0 <f g ./m l.0 [LiC104l 40M
—-j —■
k ^ l.m o le . min.
1. 1.2700 1.0049 0 .8032 0.020 1.196
2. 1.2764 1.0040 O.8065 0 .038 1.240
3 . 1.2631 1.0015 0.8086 O.O58 1.318
4 . 1,2539 0.9998 0.8100 0.077 1.397
5. 1.2527 1.0066 0.8116 0 .134 1.468
6. 1.2489 1.0030 0.8173 0 .175 1.632
7 . 1.3041 1.0051 0.8228 0 .222 1.713
8 . 1.2545 1.0062 0.8377 0.431 2.007
E . The E f fe c t  of Added Tetra-n-butylam m onium  
P e rc h lo ra te  on th e  R ate  o f  R eac tio n  a t  40°C 
To determ ine  th e  e f f e c t  o f added te tra-n-buty lam m onium  perch ­
lo r a te  on th e  r a t e  o f r e a c t io n  a t  40 °C, e x a c tly  th e  same procedure  was 
adopted as d e sc rib e d  f o r  l i th iu m  p e rc h lo ra te  above.
The r e s u l t s  a re  g iv en  in  T able  10 .6 .
TABLE 10.6
THE EFFECT OF ADDED TBTRA-n-BUTYLAMMONIUM PERCHLORATE
OH THE RATE OF REACTION IN 9 6 %  METHANOL AT 40°C
a x  102M b x  102M P  g . /m l .  fBu^NClO,]40 k „ l . m o le ."1 m in ."1 o o_____ _______  s   4____ 4_____ £_______________
1. 1.2530 1.0028 0.8136 0.147 1.637
2 . 1.2615 1.0032 O.8185 0 .196 1.763
3. 1.2579 1.0044 0.8200 0 .246 1.863
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P. The E f fe c t  o f Added C h lo ride  Ion  
on th e  R ate o f R eac tio n  a t  40°0
S evera l r e a c t io n s  were c a r r ie d  out betw een t e t r a e t h y l t i n  and 
m ercuric  c h lo r id e  a t  c o n s ta n t c o n c e n tra tio n  in  th e  p resence  o f v a ry in g  
amounts o f added c h lo r id e  io n  in  % %  methanol a t  40°C.
Known w eigh ts  o f ’A n a la r1 sodium c h lo r id e  were added to  s ta n d ­
a rd  s o lu t io n s  o f m ercuric  c h lo r id e  in  96>% m ethanol.
The same procedure  as d e sc rib e d  on page 17^  was adopted .
The w eigh ts  o f th e  r e a c ta n t  s o lu tio n s  in  th e  r e a c t io n  m ix ture  
were c o rre c te d  f o r  th e  d e n s ity  change due to  th e  p resence  o f added sodium 
c h lo r id e .
The r e s u l t s  a re  g iven  in  T able  10.7*
TABLE 10.7 
THE EFFECT OP ADDED CHLORIDE ION 
OF THE RATE OP REACTION AT 40 °C
a x 102M 0 b x 102 0 FaCl x 102M
-1 -1 l .m o le . min.
1. 1.2581 1.0038 0.501 1.153
2. 1.2599 1 .0043 0.500 1.170
3 . 1.2671 1.0013 0.998 1.158
4 . 1.2597 1.0008 1.992 1.222
5. 1.2698 1.0012 4.962 1.202
G. D e term in atio n  o f th e  R ate C onstan t in  V arious 
M ethanol-W ater M ixtures a t  25°C and 40°C 
M ethanol-w ater m ix tu res were p repared  by w eight as d e sc r ib e d  on
p a g e 16&
2 0 1
The i n i t i a l  c o n c e n tra tio n s  o f r e a c ta n ts  depended on th e  s o l ­
u b i l i t y  of t e t r a e t h y l t i n  in  each m ethanol-w ater m ix tu re . A ll s o lu tio n s  
were p repared  a t  25°C.
The procedure was m odified  as d e sc rib e d  in  p a r t  D. (page 177) .
The procedure fo r  ru n s  c a r r ie d  out a t  25°C i s  th e  same as th a t  
d e sc rib e d  f o r  ru n s  c a r r ie d  out a t  40°C except th a t  no c o r re c t io n  has to  
be made f o r  so lv en t expansion  as a l l  p rocedures in v o lv ed  a re  c a r r ie d  out
a t  25°C.
For so lv e n t com positions below 85% methanol-15$> w a te r? d i s s o l ­
u tio n  o f t e t r a e t h y l t i n  was a ided  by use o f an u l t r a - s o n ic  b a th  a t  25°C.
The r e s u l t s  were c a lc u la te d  u sing  th e  F e r r a n t i  S i r iu s  programme 
shown on pagel82 . The so lv en t expansion  .fa c to rs  f o r  c a lc u la t io n  o f th e  
i n i t i a l  c o n c e n tra tio n s  o f th e  r e a c ta n ts  a t  40°C were th o se  "shown in  
T able  8 . 1 9 (page 1 7 8 ) .
The r e s u l t s  o f th e  r e a c t io n s  a re  shown in  T able 10 .8 .
H. C a lc u la tio n  o f A c tiv a t io n  P aram eters  
From th e  v a lu es  o f th e  r a t e  c o n s ta n ts  o f th e  r e a c t io n  betw een 
t e t r a e t h y l t i n  and m ercuric  c h lo r id e  in  v a r io u s  m ethano l-w ater m ix tu res  
a t  25°0 and 40°C th e  a c t iv a t io n  param eters  fo r  th e  r e a c t io n  have been 
c a lc u la te d .
The fo llo w in g  nom enclature w i l l  be used th roughou t f o r  a c t i v ­
a t io n  p aram ete rs  and t h e i r  c a lc u la t io n .
T i s  th e  tem p era tu re  in  d eg rees a b so lu te  (K elvin)
Air i s  th e  a c t iv a t io n  en th a lp y
A s^  i s  th e  a c t iv a t io n  en tropy
Ag^  i s  th e  a c t iv a t io n  f r e e  energy ....
R i s  th e  u n iv e rs a l  gas co n s ta n t
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TABLE 10.8
RATE CQRSTAM’S OF THE REACTION Iff VARIOUS 
,.^THANO&WATER MIXTURES AT 25°C MD 40°C
S olven t 
fo MeOH
Mole f r a c t io n
H2° V
a x 102M 0
2L x  10 M 0 k 25£1 -•l .m o le . min.
25°C
1. 100 0.001 1.2550 1.0035 0 .200
2. 98 0 .044 1.2466 1.0048 0 .273
3. 96 0.086 1.2622 1.0048 0 .378
4 . 94 0.126 1.2483 1.0030 0 .492
5* 90 0.200 1.2605 1.0039 0 .833
6. 85 0.284 1.2499 1.0044 1.465
7. 80 0.360 0.12555 0.10018 2.370
8. 70 0.490 0.12761 v.--. 10020 5 .59
l.ra o le  **min ^
9. 100 0.001 1.2513 1.0035 0 .666
10. 98 0.044 1.2508 1.0016 0 .886
11. 96 0 .086 1.2542 1.0018 1.149
12. 94 0.126 1.2530 1.0042 1.477
13. - 90 0.200 1.2671 1.0048 2.373
14. 85 0.284 1.2491 1.0039 4.213
15. 80 0.360 O.12587 0.10057 6.720
16 . 70 0.490 0.12824 0.09944 15*78
17. 65 0.547 0.12733 0.10061 19.94
20?
E^ i s  th e  a c t iv a t io n  energy 
k  i s  B oltzm ann 's c o n s ta n t
h i s  P la n c k 's  c o n s tan t
Tk^ i s  th e  r a t e  c o n sta n t fo r  the r e a c t io n  a t  tem p era tu re  T .
The fo llo w in g  v a lu es  o f th e  p h y s ica l c o n s ta n ts  have been used 
in  a l l  c a lc u la t io n s  s 7
T * (°C + 2 7 3 .1 5 )°K
R * 1.9872 c a ls .d e g .  mole.
E = 1.38053 x 10 ^  e rg .d e g .^
( i )  The E n thalpy  o f A c tiv a tio n  (AH^)
T h is  q u a n t i ty  was c a lc u la te d  fo r  a l l  experim ents perform ed a t
two te m p e ra tu re s .
The a c t iv a t io n  energy was c a lc u la te d  f r o m ^ ^
T>
E * R . T . T . 2. 3026 k f -
lQgio-^ 10-*3
k0
T . T1 2where k^ and k^ were th e  r a t e  c o n s ta n ts  a t  tem p e ra tu res  T^ 
and T^ r e s p e c t iv e ly .
A  was c a lc u la te d  f r o m ^ ^
AH^ = Ea -  RT 10.4
u s in g  T = 298*15°K.
The r e s u l t s  a re  shown in  T able  10.9*
( i i )  The A c tiv a tio n  Entropy (&S^)
J
For a l l  r e a c t io n s  f o r  which AH had been c a lc u la te d ,  th e  c o r r -
(74)esponding a c t iv a t io n  en tro p y  was c a lc u la te d  acco rd in g  to  e q u a tio n  10*5.
T AS^ -idH^
k* * KT R "RT _2 r — Q . e 10.5h - ^
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A S ^  = 2.3026 R lo g  k? +AH^ -  2.3026 R lo g  KT 10.6
T h
u sin g  T = 298.15°K.
The r e s u l t s  a re  shown in  T ahle  10.9•
( i i i )  The A c tiv a tio n  Free Energy (AG^)
The a c t iv a t io n  f r e e  energy was c a lc u la te d  fo r  each r e a c t io n
.(7 4 )
0
10.7
s tu d ie d  from th e  eq u a tio n
Tk l = KT RT 2 r —■ eh
AC/  * 2.3026 RT lo g 1Q kT -  2.3026 RT lo g 1Q k^
h
10.8
where T = 298.15  K.
The r e s u l t s  a re  shown in  T able  10.9*
TABLE 10.9
ACTIVATION PARAMETERS FOR THE REACTION OF TETRAETHYLTI I I  
WITH MERCURIC CHLORIDE ITT VARIOUS MSTHAUOL-WATER MIXTURES
Solvent 
fo MeOH
Mole f r a c t io n 7 7
h20 llgO
^ H298 ^ 2 9 8  _ 1 _ 1 ^°298
k .c a l.m o le . c a l .d e g .  mole k .c a l.m o le
1. 100 0.001 14*345 -2 1 .7 3 20.831
2. 98 0 .044 13.951 -2 2 .4 4 20.646
3* 96 0.086 13.153 -2 4 .4 6 20.453
4 . 94 0 .126 12.420 -2 6 .4 0 20.297
5. 90 0.200 12.342 -2 5 .6 2 19.985
6 . 85 0.284 12.453 -2 4 .1 2 19.651
7. 80 0 .360 12.288 -2 3 .7 2 19.366
3 . 70 0.490 12.230 -22.41 18.857
205
S E C T I O N  XI 
THE KINETIC STUDY OF THE REACTION BETWEEN 
TETRA-n-FROPYLTIN AND' MERCURIC CHLORIDE
A. D eterm ination  o f th e  R ate  C onstant o f th e  R eac tio n  
in  96% Methanol a t  25°C and 4QQQ
The te ch n iq u es  used and th e  methods o f c a lc u la t in g  th e  r a t e  
c o n s ta n t a re  th e  same as th o se  d e sc rib e d  in  S ec tio n s  8 C. and 9 A.
In  g e n e ra l ,  th e  r e a c t io n s  were s tu d ie d  to  6 0 - 1 0 %  o f r e a c t io n .  
The r e s u l t s  a re  shown in  T able  1 1 .1 .
TABLE 11.1
SECOND ORDER RATE CONSTANTS FOR THE REACTION BETWEEN TETRA-n-PROPYLTIN 
AND MERCURIC CHLORIDE IN 9 6 %  METHANOL AT 25°C AND 40°C .
a x 102M b x 102M k 2*^ l.m ole.^m in."*o o 2
25 C
1 . 1.2531 1.0033 0.0676
2 . 1.2540 1 .0027 0.0678
3 . 1.2488
k252
1 .0034
4= 0.0679  ± 0 .0003 l.m o le 7 1min71
0.0682
2a x 10 M 0 b x  102M k4°  1 0 2
-1 -1 .m ole. min.
40 °C
4 . ,, 1 . 261.6 0 .9998 0.212
5. 1.2880 1.0043 0.219
6 . 1.2500 1 .0009 0.222
k402 a 0.218  -  0.004  l .m o le .1min7^ •
206
B. D eterm ination  o f th e  R ate C onstant o f th e  R eac tio n  
in  100$ Methanol and 85$ Methanol a t  25°C and 40 °0 
The te ch n iq u es  used and th e  methods o f  c a lc u la t io n  o f th e  r a t e  
c o n s ta n ts  were th e  same as  th o se  d e sc rib e d  in  S e c tio n s  8 D. and 9 A.
M o d ifica tio n s  were a p p lie d  to  th e  c a lc u la t io n  o f r e s u l t s  as 
d e sc rib e d  in  S e c tio n  8 D. to  allow  f o r  th e  d if f e r e n c e  i n  d e n s i t i e s  o f  th e  
r e a c t io n  m ix tu res and th e  quench s o lu t io n s .
The re a c t io n s  were g e n e ra lly  fo llow ed  to  60-70$ r e a c t io n .  The 
r e s u l t s  a re  shown in  T ab les  11.2 and 11 .3 .
TABLE 11.2
RATE CONSTANTS FOR THE REACTION BET/JEM TETRA-n-PROPYLTlfr 
KKD  MERCURIC CHLORIDE I E  100$ METHANOL AT 25°C ADD 40°C
a x 102M 0
2 —1 — •}
b x 10 M k0 l .m o le . min.0 2
25°C
1. 1.2615 I.OO28 0.0376
2. 1.2580 1.0016 0 .0377
3 . 1.2561
k25 ,2
1.0020 0.0378
0.0377 “ 0.0001 l.m o le .^ m in .
a x  102M 0
2 4 0 —1 —1 b x 10 M k0 l .m o le . min.0 2
40 °0
4 . 1.3601 1.0025 0 .133
5. 1.2660 1.0013 0 .133
6. 1.3123
k4° _ 
2 ~
1.0017 0 .135  
0 .134 ~ 0.001 l .m o le .**min.^
207
TABLE 11.3 , •
RATE CONSTANTS FOR THE REACTION EETN»T TBTRA-n-PROPYLTIN 
AND MERCURIC CHLORIDE IN 85% METHANOL AT 25°C AND 40°C
2 2 a x  10 M b 1  10 M 0 0
. 25 . - 1 . - 1k^ l .m o le . mm.
25°C
1 . 0 .6603 0.5004 0.232
2 . 0 .6649 0.5011 0.240
3. 0 .6599 0.5016 0 .234
= 0 .235  t  0 .003  l.m oleT 1 . - 1mm.
a z  102M h x  102M 0 0
. 40 . - 1 . - 1kg l .m o le . min.
40 °G
4. O.5867 0.5018 O.696
5. 0.5908  0.5012 0.692
6 . 0.6120  0.5005 O.689
k^° = 0 .692 ± 0 .0 0 3  l.m oleT 1 . -1mm.
C. C a lc u la tio n  o f  A c tiv a tio n  P aram eters
The a c t iv a t io n  param eters f o r  th e  r e a c t io n  o f t e t r a - n - p r o p y l t in
w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res  were c a lc -
u la te d  as: d e sc r ib e d  in  S ec tio n  10 I-I. -
The r e s u l t s  a re  shown in  Table 11.4*
TABLE 11.4
ACTIVATION PARAMETERS FOR THE REACTION IN 100%,96% AND 85% METHANOL
Solven t 
% MeOH
Mole' f r a c t io n  AH
HO X '  —1 ° —*j —1 ^ —■2 * HgO k .c a l .m o le . c a l .d e g .  m ole. k .c a l .m o le .
100 0.001  15.096  ± 0.096  - 22.56  ± 0 .32  21.819
96 0.086  13.838 *  0 .233  - 25.61 t  0 . 8O 21.471
85 O.284 12.769 *  0 .186  -2 6 .7 3  -  0 .6 2  20.734
D, A n a ly sis  o f th e  R eac tion  M ixtures
( i )  By G as-L iquid Chromatography
One re a c t io n  m ixture from each s e r ie s  was tak en  and su b je c te d  
to  th e  p rocedure d e sc rib e d  in  S e c tio n  10 Ao ( i i i ) .
The r e a c t io n  m ix tu res  in  ch loroform  were analysed  by g a s - l iq u id  
chrom atography under th e  same c o n d itio n s  as d e sc r ib e d  in  S e c tio n  10 A. ( i i i ) , 
excep t th a t  th e  column tem p era tu re  was r a is e d  to  108°C.
In  each case  only th re e  peaks were ob serv ed , a p a r t from th e  
ch loroform  peak, which were i d e n t i f i e d  as t e t r a - n - p r o p y l t in ,  t r i - n - p r o -  
p y l t i n  c h lo r id e  and n -p ro p y lm ercu ric  c h lo r id e .
( i i )  By T hin-L ayer Chromatography
The r e a c t io n  m ixture  e x t r a c t s  in  ch lo ro fo rm  were developed as 
d e sc rib e d  in  S e c tio n  10 A . ( i i ) .  In  each case  only  two sp o ts  were ob­
se rv ed . One was p o s i t iv e ly  i d e n t i f i e d  as n -p ro p y lm ercu ric  c h lo r id e  by
com parison w ith  an a u th e n t ic  sam ple. The R v a lu e s  a re  g iv en  in  Tableif
11 . 5 .
TABLE 11.5
VALUES FOR THE PRODUCTS OF THE —p— — -— *---------    ■------
REACT IOU IH 100%, % $  AUP 85# METHANOL
Rp y a lu e  o f n -p ro p y lm ercu ric  c h lo r id e  = 0 .2 6
S o lven t % MeOH R_ o f r e a c t io n  m ix tu res' F
100
96
85
0 . 25 , 0.61  
0 .2 6 , 0 /62  
0 . 25 , 0 .6 2
( i i i )  By Q uantit a t iv e  P r e c ip i ta t io n  o f n -p ro p y lm ercu ric  C h lo ride
as th e  Io d id e  g So lven t % %  Methanol
A q u a n t i ta t iv e  i s o l a t i o n  o f  n -p ro p y lm ercu ric  c h lo r id e , as th e  
co rresp o n d in g  io d id e  was c a r r ie d  out as d e sc rib e d  in  S ec tio n  10 A .( iv ) .  
The product was i s o la te d  in  89*4% y ie ld *  The s o l id  had m.;p. 112°C 
( l i t .  1 1 3 °C )3 66^
n-P ropy lm ercu ric  c h lo r id e  was a lso  i s o la te d  from th e  re a c t io n  
m ix tu res  in  ch lo ro fo rm . A f te r  r e c r y s t a l l i s a t i o n  tw ice  from m ethanol, 
th e  w h ite , c r y s t a l l i s e d  s o l id  had m.p. 142-143°C ( l i t .  1 4 3 ° C ) .^ ^  A 
m ix tu re  o f th e  w h ite  s o l id  w ith  a sample o f n -p ro p y lm ercu ric  c h lo r id e
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S E C T I O N  XII
THE miSTIC STUDY OF THE REACTION BETWEEN 
TETRA-i so-PRQPYLTIII MD MERCURIC CHLORIDE
A. D eterm ination  o f th e  R ate C onstan t o f  th e  R eac tio n  
in  ''100$, 96% and 85% M ethanol a t  25°C and 40°C 
T e t r a - i s o - p r o p y l t in  was f r e s h ly  d i s t i l l e d  as d e sc rib e d  on page 
1609 and s to re d  under n itro g e n  in  th e  dark  b e fo re  u se .
( 25)I t  was expected  from th e  o b se rv a tio n s  o f S pa ld ing  '  t h a t  th e  
r e a c t io n  o f  t e t r a - i s o - p r o p y l t i n  w ith  m ercuric  c h lo r id e  would have an 
ex trem ely  lo n g  h a l f - l i f e ,  o f th e  o rd e r o f 30 weeks o f more* R eac tio n s
were s e t  up in  100$ , 96% and 85% m ethanol in  t r i p l i c a t e  as d e sc rib e d  in  
S e c tio n  9 C ., a t  25°C and 40°C.
During th e  f i r s t  month s e v e ra l p o in ts  were ta k e n . There was
found to  be no d ecrease  in  th e  absorbance o f th e  quenched re a c t io n  sam­
p le s  w ith  tim e .
A f te r  about s ix  weeks every  re a c t io n  began to  d e p o s it a w h ite ,
c r y s t a l l i n e  s o l id  which became more copious as  tim e went on. T h is
(25)s o l id  was id e n t i f i e d  by S p a ld in g x as p robab ly  b e in g  d i - i s o - p r o p y l t in  
d ih y d ro x id e , from th e  decom position  o f t e t r a - i s o - p r o p y l t i n .
S ev era l more p o in ts  were tak en  from re a c t io n s  over a p e rio d  o f
s ix  months bu t th e  absorbance o f th e  quenched r e a c t io n  sam ples rem ained
c o n s ta n t .
2To co n c lu s io n  cou ld  be drawn as to  th e  k in e t i c s  o f th e  r e a c t io n
O-
o f t e t r a - i s o - p r o p y l t i n  w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethano l-w ater 
m ix tu re s , excep t th a t  any such r e a c t io n  must be ex trem ely  slow .
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S E C T I O N  X III
THE KINETIC STUDY OF THE BE ACTION BETWEEN 
TETRA-n-BUTYLT IN AMD MERCURIC ..CHLORUE
A. D eterm ination  o f  th e  Hate C o n stan ts  o f th e  
R eac tio n  in  % %  M ethanol a t  25°C and 40°C 
The te ch n iq u es  used and th e  methods of c a lc u la t in g  th e  r a t e  
c o n s ta n t were th e  same as th o se  d e sc rib e d  in  S e c tio n s  8 C. and 9 A.
In  g e n e ra l , r e a c t io n s  were s tu d ie d  to  60-70$ o f r e a c t io n .  
The r e s u l t s  a re  shown in  Table 13.1*
TABLE 13.1
RATE CONSTANTS FOR THE REACTION I E  96$ METHANOL AT 25°C and 40°C
a x 102M 0 b x 102M 0
25 -1 -1 l .m o le . min.
25°C
1. 1.2583 1.0040 0.0615
2. 1.2940 1.0032 0.0638
3. 1.2566 1.0042 0.0626
1 25 ss 0 .0626 ^  0.0009  l.m o le .^ m in .^
a x 102M 0 b x 102M 0
. 40 , - 1 . - 1kg l .m o le . min.
40 °C
4 . 1.2642 1.0027 0.204
5. 1.3314 1.0015 0 .200
6. 1.2608 1.0025 0 .204
k4°
k 2 = 0 .203 * 0 .002  l .m o le .
1 . -1 min.
B. D eterm ination  o f th e  R ate C onstan ts  o f th e  R eac tio n  
in  100% and 8 5^  M ethanol a t  25°C and 40°C
The tech n iq u es  used and th e  methods o f c a lc u la t in g  th e  r a t e  
c o n s ta n t were th e  same as th o se  d e sc rib e d  in  S e c tio n s  8 D. and 9 A.
T e t r a - n - b u ty l t in  i s  co n s id e ra b ly  le s s  so lu b le  in  85$ m ethanol 
a t  25°C th a n  th o se  te t r a a lk y ls d e s c r ib e d  p re v io u s ly . T h is  n e c e s s i ta te d  
u s in g  more d i lu t e  k in e t ic  c o n c e n tra tio n s  th a n  p re v io u s ly . D is so lu tio n  
o f  th e  t e t r a - n - b u t y l t i n  was a ided  by th e  use o f an u l t r a s o n ic  b a th .
M o d ifica tio n s  to  th e  c a lc u la t io n  o f r e s u l t s  were made as men­
tio n e d  in  S e c tio n  8 D ., to  allow  f o r  th e  d if f e r e n c e s  in  d e n s i t i e s  o f th e  
r e a c ta n t  and quench s o lu t io n s .
For r e a c t io n s  in  85% m ethanol, th e  com position  o f th e  quench 
s o lu t io n  was changed as m entioned in  S e c tio n  8 D. For exam ple, f o r  
r e a c t io n  1 in  Table 13.3? 1 ml. o f r e a c t io n  sample was quenched in  9 ml. 
o f 97 . 6$ po tassium  io d id e  s o lu t io n  such th a t  th e  f i n a l  com position  o f th e  
s o lu t io n  was 96$ m ethanol.
The r e a c t io n s  were g e n e ra lly  fo llow ed  to  60-70$ r e a c t io n .
The r e s u l t s  a re  shown in  T ab les  13.2 and 13 .3 .
TABLE 13.2
RATE COITSTAUTS FOR THE REACTION 114 100$ METHANOL AT 25°C AITD 40°C
a x 102M 0
2 25 b x 10 M k f  1 0 2
. . - 1 . - 1  .m ole. min.
25°C
1 . .v. 1.2452 1.0018 0.0370
2 . 1.2613 1.0009 0.0369
3. 1.2652 1 .0034 0.0367
k25 = 0.0369 * 0 .00011 . mole71min71
TABLE 13*2. COM).
a x 102M 0
2b x 10 M 
0
k4^ 1 .m ole, ^min*
40 °C
4 . 1.2557 1.0020 0.127
5. 1.2504 1.0015 0.126
6. 1.2540 1.0034 0 .129
0-3- 
OJ *= 0.127  -  0.001 1 .m ole. ^min. ^
TABLE 13 .3 .
RATE CONSTANTS FOR THE REACTION IN METHANOL AT 25°C AND 40°C
3
a x 10 'M 
0
3
b c 10 M 
0
25 -1 -1 k^ l .m o le . min.
25°C
1. 2.0208 0.9977 0 .195
2. 2.0377 0.9989 0.195
3. 2.0126 0.9954 0 .192
k 252 * 0.194  * 0.001 l .m o le . ^min.^
o
40 C
3
a x 10 M 
0
3
b x 10 M 
0
,4 0  ,  . - 1 . - 1k^ l .m o le . min.
4 . 1.9680 1.0009 0.605
5- 1.9951 0.9970 0 .605
6 . 2.0054 1.0064 . 0.606
k402 = 0 . 6 0 5 * 0.001
-1 -1 l .m o le . min.
C. C a lc u la tio n  o f A c tiv a tio n  P aram eters  
The a c t i / a t i o n  param eters  fo r  th e  r e a c t io n ,o f  t e t r a - n - b u t y l t i n  
w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethano l-w ater m ix tu res  were c a lc u la te d  
as  d e sc rib e d  in  S e c tio n  10 H. The r e s u l t s  a re  shown in  T able  13*4.
TABLE 13.4 ■
ACTIVATION PARAMETERS FOR THE REACTION 
IN 1QOfc? 9 6 %  AND 8 Jjo  METHANOL
Solvent 
i  MeOH
Mole f r a c t io n
v  v
A H 298
k .c a l.m o le . * * * »  -1c a l .d e g . mole.
^ ° 2 9 8
k .c a l.m o le
100 0.001 14*698 ± 0 .133 - 23.94  *  0 .4 5 21.831
96 0.086 14.142 *  0 .219 - 24.76  *  0 .73 21.520
85 0.284 13*479 * 0.073 - 24.73  *  0 .2 4 20.849
D. A nalysis of th e  R eaction M ixtures
( i )  By Gas-Liquid. Chromatography
One re a c t io n  m ixture from each s e r ie s  was ch loroform  e x tra c te d  
and evapo ra ted  to  ahout 5 and analysed  hy g a s - l iq u id  chrom atography 
as d e sc rib e d  in  S e c tio n  10 A . ( i i i ) .
The same c o n d itio n s  were used as d e sc rib e d  in  S ec tio n  10 A . ( i i i ) ?  
excep t th a t  th e  column tem p era tu re  was r a is e d  to  120°C and th e  f lo w -ra te  
was 80 m l . /  m inute . The chromatograms showed? on com parison w ith  th o se
o f a u th e n tic  compounds? th a t  only  t e t r a - n - b u t y l t i n ,  t r i - n - b u ty l t i n c h lo r id e  
and n -b u ty lm ereu ric  c h lo r id e  were p re s e n t .
( i i )  By T h in -L ayer Chromatography
The r e a c t io n  m ixture e x t r a c t s  in  ch lo ro fo rm  were developed by 
th in - l a y e r  chrom atography as d e sc rib e d  in  S e c tio n  10 A . ( i i i ) .
Only two sp o ts  were observed  fo r  each r e a c t io n  m ixture? id e n t­
i f i e d  a g a in s t  a u th e n t ic  sam ples as t r i - n - b u ty l t i n c h lo r id e  and n - b u ty l -
m ercurie  c h lo r id e . The R v a lu e s  a re  shown in  T able  13*5*i)
( i i i )  I s o la t io n  o f n -B uty lm ercurio  C h lo ride
The w hite  s o l id  d e p o s ite d  in  th e  ch lo ro fo rm  e x t r a c ts  o f  th e
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r e a c t io n  m ix tu res  was c o l le c te d  and r e c r y s t a l l i s e d  tw ice  from m ethanol. 
I t  had m.p. 126-127 ( l i t .  f o r  n.BuHgCl, 1 2 7 * 5 )* ^ ^  A m ix ture  o f  th e  
w h ite  s o l id  w ith  n -b u ty lm ercu ric  c h lo r id e  had m.p. 126-127.
A q u a n t i ta t iv e  e s tim a tio n  o f n -b u ty lm ercu ric  c h lo r id e , as th e  
io d id e , was a ttem p ted  as d e sc rib e d  in  S ec tio n  10 A .( iv ) ,  bu t a n o n - f i l t -  
e ra b le  suspension  was o b ta in ed  in  a l l  c a se s . A sm all p o r t io n  o f th e  
n -b u ty lm ercu ric  io d id e  was o b ta in ed  which on r e c r y s t a l l i s a t i o n  from meth­
anol had m.p. 116°C ( l i t .  1 1 7 ° C ) .^ ^
TABLE 1 5 .5
Ep VALUES FOR THE PRODUCTS OF THE REACTION 
IN 100%, 96% m m  $ 5 %  METHANOL
Rp o f  n-BuySnCl = 0*66
I L , o f  n-BuH Cl = 0 * 3 7
S
S o lv e n t  Rp v a lu e s  o f
% MeOH r e a c t i o n  m ix tu re s
100
96
85
0 *38 , 0.66  
0 .3 7 ,  0 .6 5  
0 .3 7 ,  0 .6 6
THE KINETIC STUDY OF THE REACTION- BETTflEEN
TETRA-i s o-BUTYLTIN AND MERCURIC CHLORIDE
A. D eterm ination  of th e  R ate C onstan t
o f th e  R eac tion  in  96 %  Methanol 
As s ta te d  p re v io u s ly  (p a g e l60) t e t r a - i s o ~ b u ty l t in  could  n o t he 
o b ta in ed  com plete ly  p u re . I t  co n ta in ed  about 2$ o f an im p u rity  th a t
cou ld  no t be removed, even w ith  ve ry  c a r e fu l  f r a c t io n a t io n .  S pa ld ing  
(25)
showed th a t  th e  p resence  of t h i s  im p u rity  had no e f f e c t  on th e  over­
a l l  r a t e  co n sta n t o f  th e  r e a c t io n .  He a lso  showed th a t  a n a ly s is  by
G.L.C. showed th e  im p u rity  to  be p re se n t in  approx im ate ly  th e  same p e r­
cen tage  a t  th e  end o f th e  r e a c t io n  as  was p re se n t in  th e  b eg in n in g .
R eac tio n s  w ere, th e r e f o r e ,  c a r r ie d  out u s in g  t e t r a - i s o - b u t y l t i n  
c o n ta in in g  2$  o f an im p u rity .
The te ch n iq u es  used and th e  methods o f c a lc u la t in g  th e  r a t e  con­
s ta n t  were th e  same as th o se  d e sc r ib e d  in  S e c tio n s  8 C. and 9 A.
r e s u l t s  a re  shown in  T able  14*1*
TABLE 14*1
RATE CONSTANTS FOR THE REACTION IN 9 6$ MET HAN OL AT 25°C AND 40 °C
In  g e n e ra l ,  r e a c t io n s  were s tu d ie d  to  70-80$ r e a c t io n .  The
2a x  10 M b x 102M l.m o le . mino o
25°C
1.5262 1.0031 0.00845
0.008242 . 1.2484 1 .0037
3 . 1.2484 1.0030 O.OO818
TABLE 14*1 fiCTOD.
2a x 10 M 0
2 40 -1 -1b x 10 M k 0 l.m o le . min.0 d
40 °c 
4. 1.2700 1.0023 0 .0320
5 - 1.6775 1.0036 0 .0315
6. 1.2527 1.0032 0.0330
k40 - 2 “ 0.0322 0.0006 l.m o le .^m in .^
B. D eterm ination  o f th e  R ate C o n stan ts  o f th e  
R eac tio n  in  100$ and 85% Methanol a t  25°C and 40°C 
The te ch n iq u es  used and th e  methods o f c a lc u la t in g  th e  r a t e  
c o n s ta n ts  were th e  same as th o se  d e sc rib e d  111 S e c tio n s  8 D. and 9 A.
As f o r  t e t r a - n - b u t y l t i n ,  th e  s o lu b i l i t y  o f t e t r a - i s o - b u t y l t i n  
i s  c o n s id e ra b ly  l e s s  th a n  th e  low er members o f th e  s e r ie s  in  85$ m ethanol. 
D is so lu tio n  o f th e  t e t r a - i s o - b u t y l t i n  was a id ed  by th e  use o f an u l t r a ­
so n ic  b a th .
The c a lc u la t io n s  were m odified  as d e sc rib e d  in  S e c tio n  8 D. 
to  a llow  fo r  th e  d e n s i ty  d if fe re n c e  between th e  r e a c t io n  m ix tu res  and th e  
quench s o lu t io n s .
The r e s u l t s  a re  shorn  in  T ab les  14*2 and 14*3•
C. C a lc u la tio n  o f A c tiv a tio n  P aram eters 
The a c t iv a t io n  param eters  fo r  th e  r e a c t io n  o f  t e t r a - i s o - b u t ­
y l t i n  w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethano l-w ater m ix tu res  were 
c a lc u la te d  as d e sc rib e d  in  S e c tio n  10 H. The r e s u l t s  a re  shown in  
T ab le  14*4*
TABLE 14*2
RATE C OH ST AM'S FOR THE REACTION IN 100$ METHANOL AT 25°C AND 40 °C
a x 102M 0 "b x 102M 0
25 -1 -1l .m o le . min.
25°C
1 . 1.2524 1.0031 O.OO485
2 . 1.2534 1.0039 0.00484
3. 1.2709 1.0018 0.00471
k 252 « 0.00480  t  0.00006
-1 -1 
l .m o le . min.
a x 102M 0 L x  102M 0 kfjP 1 . m ole.  ^min. ^
40 °c
4 . 1.2461 1 .0027 0.0184
5. 1.2498 1.0042 0.0188
6 . 1.2463 1 .0033 0.0187
k 2° = 0.0186  ± 0.0002  1
-1 -1 .m ole. min.
TABLE 14*3
RATE CONSTANTS FOR THE REACTION IN 85$ METHANOL AT 25°C ARB 40°C
a x 10^M 0 t>o x 10^M k2^ 1 . m ole.^m in.^
25 °c
1 . 2.1759 1.0035 0.0241
2 . 2.0120 1.0016  0 .0237
3 . 2.0821 0.9974 0 .0229
- k 25 = 0.0236
—1 —1 
-  0.0005  l .m o le . min.
a x 103M 0 L x 10^M l.m ole.^m in*^0 2
40 °C
4 . 1.9845 0.9936 O.O856 ::
5 . 1.9947 1.0006 O0O86I
6 • 2.0178 1.0001 0.0850
k40 -  2 ‘ O.O856 -  0 .0005 1 .m ole.^m in.^
TABLE 1 4 .4 * •
ACTIVATION PARAMETERS FOR THE 
REACTION IiT 100^,96% AM) METHANOL
Solvent 
% MeOH
Mole f r a c t io n
H2° . ^HgO
^ H298 '■ 
k .c a l .m o le .
A S 298 
c a l .d e g .  mole.
4^G298
k .c a l.m o le
1. 100 0.001 16.161 ± 0.194 -23*09 ± 0 .6 5 23.040
2 . 9 6 0.086 16.194 1 0 .296 -2 1 .8 9  i  0 .9 9 22.717
3 . 85 0.284 15-347 ± 0.270 -2 2 .6 5  ± 0.91 22.097
D. A n a ly sis  o f th e  R eac tio n  M ixtures
( i )  By G as-L iquid  Chromatography
One r e a c t io n  from each m e th a n d -w a te r  m ix ture  was ch lo ro fo rm  
e x tra c te d  and su b je c te d  to  th e  procedure d e sc rib e d  in  S ec tio n  10 .A . ( i i i ) .
The same c o n d itio n s  were used as d e sc r ib e d  in  S ec tio n  10 A . ( i i i )  
excep t th a t  th e  column tem p era tu re  was r a is e d  to  120°C.
The im p u rity  was found to  be p re se n t in  approx im ately  th e  same 
p ercen tag e  as a t th e  s t a r t  o f th e  r e a c t io n .
A part from t h i s  sm all peak , th e  chromatogram showed only  th re e  
peaks -  t e t r a - i s o - b u t y l t i n ,  t r i - i s o - b u t y l t i n c h l o r i d e  and iso -b u ty lm e rc -  
u r ic  c h lo r id e .
( i i )  By T hin-L ayer Chromatography
The r e a c t io n  m ixture e x t r a c t s  in  ch lo ro fo rm  were developed by 
th in - l a y e r  chrom atography as d e sc r ib e d  in  S e c tio n  10 A . ( i i ) .
Only two sp o ts  were observed fo r  each r e a c t io n  m ix tu re . As 
no a u th e n t ic  compounds were a v a i la b le ,  i t  was no t p o s s ib le  to  compare th e
R v a lu e s , a lth o u g h  th e  R_ v a lu e s  o b ta in ed  fo r  th e  sp o ts  were in  l in e
Jt* if
w ith  th o se  observed p re v io u s ly  f o r  th e  o th e r  t e t r a - a l k y l t i n s .  ;;;
I t  was assumed th a t  th e se  sp o ts  corresponded to  t r i - i s o b u t y l t i n  
c h lo r id e  and iso -b u ty lm e re u ric  c h lo r id e .
( i i i )  I s o la t io n  o f iso -B u ty lm ercu ric  C h lo ride  as th e  C orresponding 
Io d id e ; R eac tio n  S o lven t Methanol
A q u a n t i ta t iv e  p r e c ip i t a t io n  o f iso -b u ty lm e rc u ric  c h lo r id e  as 
th e  co rrespond ing  io d id e  was a ttem p ted  as d e sc rib e d  in  S e c tio n  10 A * (iv ) . 
A n o n - f i l t e r a b l e  suspension  was o b ta in e d . S u f f ic ie n t  w h ite  s o l id  was 
o b ta in ed  to  a ttem pt a r e c r y s t a l l i s a t i o n  from m ethanol. The w h ite  s o l id  
had m.p. 72-73°C ( l i t .  1 2 ° )
S E C T I O N  XV
THE KINETIC STUDY OF THE REACTION BETWEEN 
TETRAMBTHYL TIN AND MERCURIC CHLORIDE
A. D eterm ination  of th e  R ate C onstan t of 
th e  R eac tio n  in  100% and 96% Methanol 
To make t h i s  r e a c t io n  amenable to  s tu d y  by th e  p re v io u s ly  des­
c r ib e d  method (S e c tio n  8 ) ,  i t  was n ecessa ry  to  low er th e  i n i t i a l  k in ­
e t i c  c o n c e n tra tio n s  o f m ercuric  c h lo r id e  and te t r a m e th y l t in  to  2 .0  x  10~^M 
and 2 .5  x 10 r e s p e c t iv e ly .
A r e a c t io n  w ith  th e se  i n i t i a l  c o n c e n tra tio n s  re q u ire d  th a t  1 ml.
-3r e a c t io n  sam ples should  be quenched in  1 ml. o f 2 .5  z  10 M potassium  
io d id e  s o lu t io n  (page 176 )*
For th e  r e a c t io n  in  100% methanol th e se  i n i t i a l  c o n c e n tra tio n s  
re q u ire d  th a n  1 ml. o f r e a c t io n  sample should  be quenched in  1 ml. o f 
2 .5  x 10 ^ po tassium  io d id e  in  92% methanol such th a t  th e  f i n a l  compos­
i t i o n  o f  th e  quench s o lu t io n  was 96% m ethanol.
The method o f c a lc u la t in g  th e  r a t e  c o n s ta n ts  was th e  same as 
t h a t  d e sc rib e d  in  S e c tio n  9 A.
In  g e n e ra l ,  re a c t io n s  were s tu d ie d  to  70-80% re a c t io n .
The r e s u l t s  a re  shown in  T ab les  15*1 and 15 . 2 .
B. D eterm ination  o f th e  R ate C onstan t o f th e
R eac tio n  in  85% Methanol a t  25°C and 40°0
-3The quench s o lu t io n  used was 2 .5  x 10 M po tassium  io d id e  in
85% m ethanol. S pec tro p h o to m etric  measurements were made u s in g  2 cm.
c e l l s  and a maximum absorbance o f 0 .600 was used . Under th e se  c o n d itio n s
th e  maximum c o n c e n tra tio n s  of m ercu ric  c h lo r id e  th a t  can be determ ined
-5e x p e r im en ta lly  i s  2 .5  x  10 ^M.
TABLE 13.1
RATE CONSTANTS FOR THE REACTION IN 10O j  METHANOL AT 25°C AND 40°C
a x 104M 0 L x 104M k 25 0 2
-1 -1 
l .m o le . min.
2 5 °c
1. 2.5539 1.9779 91.5
2. 2.5027
k252
1.9677
= 93.1 -  1 .6  1 .moleT^min.
94.7
45*
. 0 0 0 a x  104M 0 t>o x 104M k4°
-1 -1 l.m o le . min.
1. 2.5809 1.0203 231 n
2 . 2.5063
k40
2
1.9753
-1  -1 = 230.1 ± 7*7 l.m ole* min*
2 2 3 . 4
TABLE 15*2
RATE CONSTANTS FOR THE REACTION IN 9 6%  METHANOL AT 25°C AND 40°C
a x 104M 0 L x 104M k2^ 0 2
-1 -1 l .m o le . min.
25°C
1 . 2.4904 1.9666 156.0
2 . 2.3745
k 252
1.9290
= 155.3 ± 0 .7  l.m o le 7 1min71
154.6
40°C a x 104M 0 L x 104M K40 0 2 l.m ole .V dn ."*
1. 2.4826 2.0035 363.2
2. 2.4638
k402
1.9465
= 360.8  £  2 .5  l.m ole."*m in.^
358.3
Sim ulated r e a c t io n  m ix tu res were p repared  such th a t  th e  concen-
-5t r a t i o n  o f m ercuric  c h lo r id e  v a r ie d  from 2 .5  x  10 M to  z e ro , th a t  o f
-5te t r a m e th y l t in  from 2 .5  x 10 M to  zero  and th o se  o f  m ethylm ercuric
-5c h lo r id e  and t r im e th y l t in  c h lo r id e  from zero  up to  2 .5  x 10 .
-5The method used was to  p rep a re  5*0 x 10 M s o lu tio n s  o f th e  
r e a c ta n ts  and p ro d u c ts  in  85$ m ethanol c o n ta in in g  2 .5  x 10 po tassium  
io d id e . The s im u la ted  r e a c t io n  m ix tu res  were p rep a red  such th a t  th e  
f i n a l  volume o f s o lu t io n  was 20 ml. For example 10 m l. o f a  5«0 x 10 M 
s o lu t io n  o f m ercuric  c h lo r id e  p lu s  10 ml. o f a 5*0 x  10 M s o lu t io n  o f
-3
te t r a m e th y l t in  each c o n ta in in g  2 .5  x  10 M potassium  io d id e , g iv e s  20 ml.
o f a s o lu t io n  o f r e a c ta n ts  a t  a c o n c e n tra tio n  o f 2 .5  x 10 M each . The
s o lu tio n s  were p rep a red  in  d u p l ic a te .
A check was made t h a t ,  in  so lv e n t 85$ m ethanol, m ercuric  c h lo r id e
(-) - 3was converted  q u a n t i t a t iv e ly  to  Hgl^ '  hy 2 .5  x 10 M potassium  io d id e , 
and th a t  th e  p o s i t io n  o f X max was s t i l l  a t  301.5 mm .
Absorbance measurements were made on th e  s o lu t io n s  a t  wave­
le n g th s  301.5  myt^ . and 315 iJA  and g raphs o f absorbance v e rsu s  c o n c e n tra tio n
o f m ercuric  c h lo r id e  were p lo t te d .  In  each case  a s t r a ig h t  l i n e  was
o b ta in ed  which d id  no t pass  th ro u g h  th e  o r ig in .  These l i n e s  were t r e a te d  
as d e sc rib ed  in  S e c tio n  8 A.
The fo llo w in g  v a lu es  o f m and c were o b ta in ed  s 
a t  301.5  m
m =  2.47851 x  104
. c = 0.008
a t  315 m
: m a 2.07590  x 104
c = 0.006  --
R eac tio n  m ix tu res  were generally - p rep ared  such th a t  th e  i n i t i a l
-5c o n c e n tra tio n  o f  m ercuric  c h lo r id e  was about 7-5  x 10 M. Samples were
-3withdrawn from tim e to  tim e and quenched in  a g iven  volume o f 2 .5  x 10 M 
potassium  io d id e  in  85% methanol in  any p a r t i c u la r  k in e t ic  ru n . T h is
g iv en  volume was chosen so th a t  th e  c o n c e n tra tio n  o f m ercuric  c h lo r id e  
in  th e  f i n a l  quenched s o lu t io n  was 2 .5  x 10 M a t  th e  s t a r t  o f th e  ru n . 
For exam ple, a ru n  w ith  an i n i t i a l  c o n c e n tra tio n  o f m ercuric  c h lo r id e  of 
7*5 x 10 M re q u ire d  th a t  2 ml. sam ples o f th e  r e a c t io n  m ixture should  
he quenched in  4 nil. o f th e  po tassium  io d id e  so lu tio r i .
The c o n c e n tra tio n  o f m ercuric  c h lo r id e  was c a lc u la te d  from th e  
absorbance o f th e  r e s u l t in g  quenched s o lu t io n s ,  D^, and th e  c a l i b r a t io n
o b ta in ed  above. Hence
fH gC l^l = p301.5 _ o #oq8 w t. o f quench s o lu t io n  ^  ^
—^ —  ------------- - t~  x w t. o f r e a c t io n  s o lu t io n
2.47851 x 104
_1
where th e  c o n c e n tra tio n  o f  m ercuric  c h lo r id e  i s  g iv en  in  m o le .l .
The r e s u l t s  o f th e  k in e t ic  ru n s  were c a lc u la te d ,  as d e sc r ib e d
in  S e c tio n  9 B. f o r  a r e a c t io n  o f th e  type  s
k,
Me^Sn + EgCl2  M e^nCl + MeHgCl
Me^SnCl + HgCl^ — — * Me,S^+  ^ + H g C l^  
3 d  ^ -----------  3 3
15.2
u s in g  th e  com puter programme shown on page f o r  th e  E l l i o t  503 com puter, 
excep t th a t  th e  c o n s ta n ts  shown on page 2 2 3 , re p la c e  th o se  shorn  in  l i n e s  
81 and 86 o f  F ig u re  9*2, r e s p e c t iv e ly .  A v a lu e  o f th e  e q u ilib r iu m  
c o n s ta n t ,  K, o f . r e a c t io n  15*2, was chosen which gave a s t r a ig h t  l i n e  when 
k2t  was p lo t te d  a g a in s t  t .  The d a ta  p r in t - o u t ,  r e s u l t  p r in t - o u t  and 
graph o f k2 *t v s . t  f o r  r e a c t io n  1 , T able  15«3, a re  shown in  F ig u res  15 .1 , 
15.2  and 15 .3 .
F ig u re  15*1
Data For The Calculation Of The Rate Constant Of Reaction
1,Table 1 5 -3.
£ Kinetic Run Cl He 1 in 85# Methanol at 25°C'?
ap 8.097910-5 bQ •7.45671Q-5 ho. of points 15 
K 0.5 Expansion factor 1.000
Times. Dilutions
2.0 ■3-0121
5.0 2.9372
10.0 2.9869
1 5 . 0 3.0076
20.0 3.0001
25.0 3.0224
3 0 . 0 3.0230
35.0 2.9333
40.0 . 3.0014
45.33 - 3.0171
5 0 . 0  ■ 3.0020
60.0 2.9995
7 0 . 0 . 3.0053
80.0 3.0113
90.0 2.9736
Absorbances at 301.5' tujjl
0.550 0.509 0.449 0.338 0.351"0.321 0.295 0.280 0.263 0.242 
0.256 0.212 0.198 0.182 0.169
2 End of file.
Absorbances at 3 1 5 , .
0.459 0.423 O.373 0.324 0.293 0.269 0.247 0 . 2 3 6  0 . 2 2 0  0.203 
0.195 0.173 0.166 0.153 0.142 '
4 End of file ■.
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The r e s u l t s  fo r  th e  r e a c t io n  o f te t r a m e th y l t in  w ith  m ercuric  
c h lo r id e  in  85% m ethanol a t  25°C and 40°C a re  shown in  T able  15*3*
TABLE 15.3
RATE CONSTANTS FOR THE REACTION I E  85<f> METHANOL AT 25°C AND 4Q°C WHERE
11 0 ui
a  x 10%  0 b x  10%  0
, 25 _ - 1 . - 1kp l .m o le . mm.
25°C
1. 8.0979 7.4567 632.1
2. 8.1232 7.4489 603.6
k 25 -  2 " 617.9 * 14.2 l .m o le .% d n .1
a x 10%  0 b x 10%  0
40 -1 -1k^ l .m o le . min.
40 °C
A . 8.4145 7.3271 1252
2. 8.1997 7.3866 1350
3 . 8.0937
tv ro
O
ii
7.3819 
1272 £ 58 l .m o le . "*min.^
1212
C. C a lc u la tio n  o f A c tiv a tio n  P aram eters  
The a c t iv a t io n  p aram eters  fo r  th e  r e a c t io n  o f  te t r a m e th y l t in  
w ith  m ercuric  c h lo r id e  in  v a r io u s  m ethanol-w ater m ix tu res  were c a lc u la te d  
as d e sc rib e d  in  S e c tio n  10 H. The r e s u l t s  a re  shown in  T ab le  15*4*
D* A n alysis  o f th e  R eac tio n  M ixtures
I t  was n o t p o s s ib le  to  an a ly se  th e  r e a c t io n  m ix tu res  used f o r  th e
a c tu a l  k in e t i c  ru n s  as th e  c o n c e n tra tio n s  were to o  d i l u t e .  P roduct
a n a ly se s  were c a r r ie d  out on r e a c t io n s  w ith  c o n c e n tra tio n s  o f approx im ate ly  
-210 M -  too  f a s t  to  be s tu d ie d  k i n e t i c a l l y ,  b u t d i l u t e  enough f o r  th e
TABLE 15.4 •
ACTIVATION PARAMETERS FOR THE REACTION IN 100$9 96$ AND 85% METHANOL
Solvent 
$  MeOH
Mole f r a c t io n  
H2° ^ O
^ H298 -1 
k .c a ls .m o le .
298 ^  
c a l .d e g .  mole.
A
^ 2 9 8  
k .c a l .m o le .
1. 100 0.001 10.602 *  O.465 -22 .11  ± 1 .6 17-191
2 . 96 0.086 9.836  ± 0.101 -2 3 .6 6  ± 0 .3 16.888
3 . 85 0.284 8.342 *  0 .632 -2 5 .9 5  ±  2 .12 16.073
same r e s u l t s  to  app ly  to  th e  more d i lu t e  r e a c t io n  m ix tu res .
( i )  Q u a n tita tiv e  I s o la t io n  o f M ethylm erouric C h lo ride
The fo llo w in g  procedure was c a r r ie d  out f o r  r e a c t io n s  in  100$,
96$ and 951° m ethanol. The procedure w il l  he d e sc rib e d  fo r  100$ m ethanol.
T e tra m e th y ltin  (0.05M) was weighed in to  a prevfiofifcsly weighed 
150 ml. c o n ic a l f l a s k  and d is so lv e d  in  methanol (50 m l .) j  to  t h i s  was 
added m ercuric  c h lo r id e  (0.02M ). The f l a s k  was shaken u n t i l  th e  merc­
u r ic  c h lo r id e  had d is so lv e d  and th e n  p laced  in  a th e rm o s ta tte d  o il^-bath  
a t  40°C fo r  12 h r s .  A fte r  t h i s  tim e th e  m ethanol was removed under
water-pump vacuum. T e tra m e th y ltin  and t r im e th y l t in  c h lo r id e  a re  bo th  
v o l a t i l e  a t  t h i s  p re s su re  and were removed a long w ith  th e  m ethanol. A 
w h ite  s o l id  rem ained. T h is  tre a tm e n t was co n tinued  u n t i l  th e  f l a s k  and 
c o n te n ts  were a t  c o n s ta n t w e ig h t. The p e rcen tag e  y ie ld  o f m ethylm erc- 
u r ic  c h lo r id e  was c a lc u la te d .  The w hite  s o l id  had m.p. 169°C ( l i t ,  
1 7 0 ° C ^ ^  fo r  m ethylm erouric c h lo r id e ) .
The sam ples from 96$ m ethanol and 85$ m ethanol had m .p .*s 169° 
and 168.5°C r e s p e c t iv e ly .  The p e rcen tag e  y ie ld s  a re  shown below %
S olven t $  MeOH Y ie ld  $  MeHgCl
100 94.3
96 98.2
85 92.3
( i i )  By T hin-L ayer Chromatography
S o lu tio n s  were p repared  o f te t r a m e th y l t in  and m ercuric c h lo r id e
—2in  100$, 96$ and 85$ methanol w ith  r e a c ta n ts  a t  10 M c o n c e n tra tio n  and
were allow ed to  r e a c t  a t  40°C fo r  2 h r s .
The r e a c t io n  m ix tu res were not e x tra c te d  w ith  ch loroform  as
p re v io u s ly  d e sc rib e d  (S ec tio n  10 A .( i ) )  due to  th e  ex trem ely  h ig h  v o la t -
(28')i l i t y  o f t r im e th y l t in  c h lo r id e . I t  has been shown by S p a ld in g ' th a t  
u s in g  10^<L sam ples i t  i s  p o s s ib le  to  lo c a te  t r i a l k y l t i n  h a lid e s  a t  a 
c o n c e n tra tio n  o f 5 x 10~*^ M.
10 y * l  sam ples o f th e  r e a c t io n  m ix tu res were ap p lied  to  th e  
s i l i c a  g e l p la te s  and developed as d e sc rib e d  p re v io u s ly  (S ec tio n  10 A. ( i i ) ) .  
A sample o f m ethylm erouric c h lo r id e  o b ta in ed  as d e sc rib e d  in  S e c tio n  ( i )  
above was a lso  developed . For each r e a c t io n  m ix ture  only  one spo t was 
o b ta in ed  (E^ v a lu e  = 0 .1 2 ) which corresponded to  th e  sample o f m ethylm er- 
c u r ic  c h lo r id e  (E^ v a lu e  = 0 .1 1 ) .  No spo t was observed f o r  t r im e th y l t in  
c h lo r id e  which most p robab ly  evap o ra ted  from th e  p la te  d u rin g  th e  d e v e l­
oping and d ry in g  p ro ced u re .
S E C T I O N  XVI- 
THE REACTION BETWEEN TETRAETHYLTIN AND
MERCURIC ACETATE IN AND 85% METHANOL AT 40°C
M ercuric a c e ta te  i s  hydro lysed  hy 96$ and 85 fo  methanol to  
ye llow  m ercuric  ox id e . S o lu tio n s  o f m ercuric  a c e ta te  in  aqueous meth­
anol were s t a b i l i s e d  by th e  a d d it io n  o f 0.1  ml. o f g la c ia l  a c e t ic  a c id  
added to  5°  o f  s o lu t io n .
The r e a c t io n  was c a r r ie d  out in  9 6 %  m ethanol as d e sc rib e d  in  
S e c tio n s  8 C. and 9 A* The r e a c t io n  in  85fo  m ethanol was c a r r ie d  out 
u s in g  th e  same c a l ib r a t io n  as d e sc rib e d  in  S e c tio n  15 B ., th e  r a t e  c o n s ta n t 
b e in g  c a lc u la te d  u s in g  th e  com puter programme o f F ig u re  9 , 2 ,  w ith  th e  
v a lu e  o f K equal to  z e ro . The r e s u l t s  a re  shown below (T able 16.1)«
TABLE 16.1 .
RATE CONSTANTS FOR THE REACTION IN 9 6 %  AND 85$ METHANOL AT 40°C
-Solvent a M b M l.m o le .^m in .^__________________o________________________ o______________ 2_____________________
96/0 1.2492 X 10~3 1.0064 X 10”3 152.7
85$ 8.2863 x 10"5 7.4536 x 10*5 240.2
S E C T I O N  XVII
THE REACTION BETWEEN TETB.AETHYLTIN AND 
MERCURIC IODIDE IN % %  METHANOL AT 40°C
M ercuric io d id e  i s  c o n s id e ra b ly  l e s s  so lu b le  in  85% methanol
th a n  th e  co rrespond ing  c h lo r id e . D is so lu tio n  o f m ercuric  io d id e  to  form 
-3a 2 x 10 M s o lu t io n  was a ided  by use of an u l t r a - s o n ic  b a th .
The te ch n iq u e  used was th e  same as th a t  d e sc rib e d  in  S e c tio n
8 D.
( 25)
S pald ing  has shown' 7 th a t  th e  r e a c t io n  o f t e t r a a l k y l t i n s  w ith  
m ercuric  io d id e  i s  o f th e  type  shown in  eq u a tio n  9*4 (p a g e l8 l) .  The 
r a t e  c o n s ta n t was c a lc u la te d  w ith  use o f th e  E l l i o t  503 computer p ro g r­
amme shown on page
A v a lu e  o f th e  e q u ilib r iu m  c o n sta n t f o r  th e  second r e a c t io n  in  
eq u a tio n  9*4 was chosen such th a t  a p lo t  o f k ^ t v s . t  gave a s t r a ig h t  
l i n e .
The r e s u l t s  a re  shown below %
E q u ilib riu m  c o n s ta n t, K = 20
a Q = 1.3198 x 10~3M5 bQ = 1.0054 x 10*3M? k2 = 1.469 l.m ol^T
min.
S E C T I O N  m i l
THE DETERMINATION OF THE FREE ENERGY OF TRANSFER OF 
TBTR ASTHYLTIN EROM METHANOL TO MEHNANOL-WATER USTURSS
A. The Chrom atographic S e p a ra tio n  o f E t^S n? MeOH and H^Q
A ll chrom atographic s tu d ie s  d e sc rib e d  in  t h i s  s e c t io n  were c a r ­
r i e d  out on a P e rk in  Elmer P la m e -io n isa tio n  (Model F-11) chrom atograph.
A s u i ta b le  column f o r  th e  s e p a ra tio n  o f t e t r a e t h y l t i n ,  m ethanol 
and w ater was found to  be 20$ d ig ly c e ro l  on 72-85 mesh c e l i t e .
I n je c t io n  o f vapours was achieved  u sin g  a 2 .5  ml. g a s - t ig h t  
s y r in g e . L iqu id  sam ples were in je c te d  u sin g  a 1 y u l  m ic ro -sy rin g e .
The fo llo w in g  g en e ra l c o n d itio n s  were used in  a l l  chrom atogr­
aph ic  s e p a ra tio n s  d e sc rib e d  2
Column Tem perature -  60°C
I n je c t io n  Tem perature -  130°C
C hart Speed -  4 8 " /h r .
Sample s iz e  -  0 .5  -  2 .5  m l.(v ap o u rs)
0 .2  -  1 .Oy<Al(solutions)
The fo llo w in g  tech n iq u e  was employed f o r  th e  chrom atography of 
s o lu t io n s  o f t e t r a e t h y l t i n  in  v a r io u s  m ethanol-w ater m ix tu res  and f o r  th e  
chrom atography o f th e  vapours above th e se  s o lu t io n s .
S o lu tio n s  o f known c o n c e n tra tio n  o f t e t r a e t h y l t i n  in  v a r io u s
0m ethanol-w ater m ix tu res  were p rep ared  a t  25 C. The c o n c e n tra tio n s  v a r -  
. , „ -2  -4
le d  from  10 M to  10 M. 5 nil* o f each o f th e se  s o lu t io n s  were p laced  
in  100 ml. c o n ica l f la s k s  se a le d  w ith  su b a -se a l c ap s , which were th e n  
p ie rc e d  w ith  narrow  hypodermic n e e d le s . The f la s k s  were p laced  in  a 
th e rm o s ta tte d  w a te r -b a th  a t  25 -  0,02°C and allow ed to  e q u i l ib r a te  over­
n ig h t .  The vapours above th e  s o lu t io n s  and in  some cases  th e  s o lu t io n s
were chrom atographed as d e sc rib ed  above. ■ A fte r  rem oval o f a known v o l­
ume of vapour, th e  volume o f th e  vapour in  th e  sy rin g e  was in c re a se d  to
p rev en t co n d en sa tio n . Care was ta k e n  to  see t h a t  no co n d en sa tio n  onto
th e  n eed le  occurred  w hile  th e  sample o f vapour was b e in g  ta k e n .
B. D eterm ination  o f Sampling E r ro r
and E r ro r  in  M easuring Peak Areas 
_2
A 1 x 10 M s o lu tio n  o f t e t r a e t h y l t i n  was p rep ared  in  100$ 
m ethanol and e q u i l ib r a te d  as  d e sc r ib e d  above.
Samples o f th e  vapour were chrom atographed as d e sc rib e d  above,
th e  sample s iz e s  v a ry in g  from 0 ,5  to  2 ,5  ®1*
The a re a  o f th e  t e t r a e t h y l t i n  peak was measured in . each case  
re c o rd in g  to
Peak A rea = Peak h e ig h t (cms) x Peak w id th  a t  18 .1
h a l f  h e ig h t (cm s.)
The r e l a t i v e  peak a re a /m l. was c a lc u la te d  from
R e a ltiv e  peak a re a  = Peak a re a  x s e n s i t i v i t y  18 2
/m l. sample s iz e
where s e n s i t i v i t y  i s  th e  va lue  o f th e  s e n s i t i v i t y  used to  o b ta in  th e  same
r e l a t i v e  peak h e ig h t f o r  each sam ple. The r e s u l t s  a re  shown in  T able 18.
C. The V a r ia tio n  o f H en ry 's  Law C onstant w ith  C o n cen tra tio n
( i )  C a l ib ra t io n  fo r  R e la tiv e  Peak Area V ersus W eight o f T e t r a e th y l t in
S tandard  s o lu t io n s  o f t e t r a e t h y l t i n  in  9& f° m ethanol were p re p -
-1 —Aared  w ith  c o n c e n tra tio n s  ran g in g  from 1.0 x 10 M to  5 .0  x 10 M. The 
s o lu t io n s  were th e r m o s ta t te d 'a t  25°C.
Samples o f  th e  s o lu tio n s  were chrom atographed as d e sc rib e d  in  
S e c tio n  18 A. Samples s iz e s  v a r ie d  from 0 .4 ^ 1  to  I.O^csL.
The r e l a t i v e  peak a re a s  p e ry ^ l were determ ined  fo r  th e  t e t r a ­
e th y l t i n  peaks.
TABLE 18.1
RELATIVE PEAK AREA/ML. FOR THE CHROMATOGRAPHY
OF VAPOURS OF THE SOLUTION
Sample s iz e  (m l.) 2Peak Area (cm.) S e n s itiv ity - R e la tiv e  p e a l a r e a /  
ml.
1 . 0 .5 3.64 50 364
2 . 0 .5 3.35 50 335
3 . 1.0 4 .12 100 412
4 . 1.0 3.52 100 352
5. 1 .5 2.47 200 396
6 . 2.0 3.59 200 359
7. 2.0 3.42 200 342
8 . 2 .5 3*68 200 294
2
The mean r e l a t i v e  peak a re a /m l, * 357 33 cm /m l. which g iv e s
a p e rcen tag e  mean e r r o r  o f 8 .6 $ .
TABLE 18.2
DETERMINATION OF THE CONSTANT, -a, OF EQUATION 18.3
c  £
E t.S n  M E t Sn g /  1 x  10 R e la tiv e  Peak a x 10
4_______________ 4 Area/la____________________
0.1 23.50 21,507 915.2
0 .0 5 11.75 10,303 876.9
0.01 2.35 2,382 1013.6
0.005 1.175 1,173 998.3
0.001 0 .235 242 1029.8
O.OOO5 0.116 105 905.2
a = 956.5 x 10+6 ± 59.3  x 10+6
Mean p e rcen tag e  e r r o r  = 6 .2$
The v a lu e  o f th e  c o n s ta n t a , o f eq u a tio n  18.3
R e la tiv e  Peak Area = a x w t. o f Et^Sn 18*3
was determ ined  fo r  each c o n c e n tra tio n .
Each r e l a t i v e  peak a re a  was determ ined  in  t r i p l i c a t e  fo r  each 
s o lu t io n ,  th e  v a lu e s  g iven  in  T ahle  18.2 a re  th e  average v a lu e s .
A ll r e s u l t s  f o r  t h i s  s e c t io n  a re  shown in  T ahle 18 .2 .
( i i )  D eterm ination  o f  C o n cen tra tio n  o f  T e t r a e th y l t in  in  Vapour above 
i t s  S o lu tio n  in  96$ Methanol a t  V arious C o n co n tra tio n s
S tandard  s o lu t io n s  o f t e t r a e t h y l t i n  in  96$ methanol were p re p -
-1  - 4ared  w ith  c o n c e n tra tio n s  ran g in g  from 1 .0  x 10 M to  5«0 x 10 M.
Samples (5 m l.) o f th e  s o lu t io n s  were e q u i l ib r a te d  in  100 ml. 
c o n ic a l f la s k s  as d e sc rib e d  in  S e c tio n  18 A.
The vapours o f th e  s o lu t io n s  were chrom atographed as d e sc rib e d
in  S e c tio n  18 A ., th e  sample s iz e s  v a ry in g  from 0 .5  ml. to  2 .5  ml.
The w eight o f t e t r a e t h y l t i n  in  1 ml. o f vapour was c a lc u la te d
from s
w t. o f E t Sn in  vapour/m l R e la tiv e  peak area/m l
4 (g /m l.) = 956.5 x 10 18.4
The r e s u l t s  a re  shown in  T able  18 .3 .
( i i i )  C a lc u la tio n  o f Henry! s Law C o nstan ts
H enry’s law c o n s ta n t, k\  i s  d e fin e d  as
K*1 = j) = Et^Sn in  vapour above s o lu t io n
m Et^Sn in  s o lu t io n  18*5
The v a lu e s  o f  p/m were c a lc u la te d  from th e  r e s u l t s  shown in  
T able  18 .3 - The v a lu e s  o f p/m a re  shown in  T able  18*4•
The mean s tan d a rd  d e v ia t io n  o f th e  v a lu e s  o f p/m was c a lc u la te d
and th e  mean p e rcen tag e  e r r o r .
TABLE 18.3 
THE 0 ONCEUTRATI ON OF Et^Sn (g/m l) I E  THE
VAPOUR ABOVE ITS SOLUTION IF  96%  METHMSL
E t .Sn M in  4
s o lu t io n
R e la tiv e  Peak 
A rea/m l.
E t Sn in  
vapour (g/m l x
u 0.1 4280 4 .475
2 . 0 .05 2714 2.837
3 . 0 .05 2800 2.927
4 . 0.01 503 0 .526
5. 0.01 452 0 .473
6 . 0 .005 230 0 .240
7. 0.005 243 0 .254
8 . 0 .0005 28 0.029
9. 0.0005 28 0 .029
TABLE 18.4
KERRY’S LAW CONST ANTS’ FOR TETRAETHYLTIN IN 
96$ METHANOL AT 25°C AT VARIOUS CONCENTRATIONS
Et .Sn in  vapour E t Sn in  s o lu t io n  p/m x 10
6 4 ^
g/m l (p) x 10__________ g/ml (m) x 10_________
1 . 4 .475 23.50 0.190
2 . 2.837 11.75 0.241
3 . 2.927 11.75 0 .249
4 . O.526 2.35 0.224
5. 0 .473 2.35 0.201
6 . O.240 ■ 1.175 0.204
7 . O.254 1.175 0.216
8 . 0 .029 0 .116 0.250
9. 0.029 0.116 0.250
Mean = 0 .225 (± 0 .022) x 10~3
Mean p ercen tag e  e r r o r  = 9*8$_______
D. D eterm ination  o f H en ry 's  Law C o nstan ts  fo r
T e t r a e th y l t in  in  V arious M ethanol-W ater M ixtures
S tandard  s o lu t io n s  were p repared  o f t e t r a e t h y l t i n  in  v a rio u s
m ethanol-w ater m ix tu res  a t  25°C. The c o n c e n tra tio n s  v a r ie d  from 1.4
—2 —3x 10 M in  100% m ethanol to  1 .0  x 10 in  70% m ethanol.
The s o lu tio n s  were e q u i l ib r a te d  a t  25 C and sam ples o f th e  vap­
ours were chrom atographed as d e sc rib e d  in  S e c tio n  18 A.
The H enry’ s «aw c o n s ta n ts  f o r  each s o lu t io n  were c a lc u la te d  as 
d e sc rib e d  in  S e c tio n  18 C.
The vapour o f each s o lu t io n  was chrom atographed in  t r i p l i c a t e *  
The com plete experim ent was re p e a te d .
The r e s u l t s  of th e  two s e t s  o f experim ents a re  shown in  T able
18 . 5 .
TABLE 18.5
% MeOH Xg Q R e la tiv e  Peak p g /m l. 
A rea/m l, x  1Q6
m g/m l. 
3
x 10^
p/ m
x 10'
SERIES 1
1. 100 0.001 394.2 0.4121 3 .08 0.1338
2 . 9 6 0.086 370.4 0.3872 2.14 0.1809
3 . 90 0.200 453.0 0.4736 0 .982 O.4823
4 . 85 0 .284 316.0 0.3304 0 .469 O.7048
5. 80 0.360 232.3 0.2429 0 .233 1.042
6 • 70 0.490 125.4 0.1311 0.0709 1.849
TABLE 18.5 COmP.
% MeOH * ^ 0 R e la tiv e  Peak A rea/m l.
p g /m l. 
x 106
m g/m l. 
x 103
p/m 
x 103
SERIES 2
7 . 100 0.001 358.7 0.3750 3 .29 0.1140
8 . 9 6 0.086 378.3 0.3955 2.36 0.1676
9 . 90 0.200 329.2 0.3442 0.940 0.3662
10. 85 0.284 370.6 0.3875 0.684 0-5665
11 . 80 0.360 340.1 0.3556 0 .423 0.8407
12. 70 0.490 159.5 0.1668 0.107 1.558
C a lc u la tio n  o f  th e  F ree Energy o f T ra n s fe r  o f T e t r a e th y l t in  
from Methanol to  V arious M ethanol-W ater M ixtures
The f r e e  energy of t r a n s f e r  of t e t r a e t h y l t i n  from methanol to  
v a r io u s  m ethano l-w ater m ix tu res , A g °  i s  g iv en  hy eq u a tio n  18 . 6 .
I •$£.
A G ^ ( E t^ S n )  = RT In  (p/m )2 -  RT l n  (p /m )1 18.6
where 1 = 100% methanol
2 = any o th e r  s o lv e n t .
Using th e  v a lu e s  o f p/m shown in  T ahle  1 8 .5 , ^he v a lu e s  o f
A G ° „ ( E t .S n )  were c a lc u la te d .  The r e s u l t s  a re  shown in  Tahle 18 . 6 .1 -&C. 4
P. D e term ination  o f th e  F ree  Energy of T ra n s fe r  o f 
T e tr a -n - p ro p y l t in  from Methanol to  V arious M ethanol-W ater M ixtures
S a tu ra te d  s o lu t io n s  were p repared  of t e t r a - n - p r o p y l t in  in  100%, 
96% and 85% m ethanol a t 25°C. S a tu ra tio n  was ach ieved  w ith  th e  a id  o f 
an u l t r a - s o n ic  h a th . The s o lu tio n s  in  f la s k s  se a le d  w ith  su h a -se a l 
c ap s , were th e rm o s ta tte d  a t  25° ^  0.02°C in  a w a te r-h a th  f o r  24 h r s .
TABLE 18.6
VALUES OE AG? „ FOR TRANSFER OF TETRAETHYLTIN FROM --------------------1-32----------------------------------------------------------
METHANOL TO VARIOUS MET HAN OL -¥  ATER MIXTURES, AT 298°K
Solvent 
% MeOH
Mole f r a c t io n  
H2° %<>
p/m 
x 10^
A G ^ ( E t 4Sn) 
ca ls .m o le .^
1. 100 0.001 0.1338 0
2. 96 0.086 0.1809 179
3. 90 0.200 O.4823 760
4 . 85 0.284 O.7048 984
5. 80 0.360 1.042 1216
6 . 70 0.490 1.849 1556
7 . 100 0.001 0.1140 0
8 . 96 0.086 0.1676 228
9. 90 0.200 0.3662 691
10. 85 0.284 O.5665 950
11. 80 0.360 O.8407 1184
12. 70 0.490 1.558 1549
Chromatography of th e  s o lu t io n s  w ith  a column tem p era tu re  of 
60°C showed th a t  th e  m ethanol and t e t r a - n - p r o p y l t in  peaks were c o in c id e n t. 
The column tem p era tu re  was low ered to  35°C, th e  o th e r  c o n d itio n s  rem ain ing  
as d e sc rib e d  in  S e c tio n  18 A. A rea so n ab le  s e p a ra t io n  was o b ta in ed  o f 
m ethanol from te t r a - n - p r o p y l t in  on a t e s t  s o lu t io n  hav ing  th e  components 
in  app rox im ate ly  equal p ro p o r tio n s .
The s a tu r a te d  s o lu t io n s  were chrom atographed as d e sc rib e d  in  
S e c tio n  18 . A.
For t e t r a - n - p r o p y l t in  in  100$£> and 96$ m ethanol, a s e p a ra tio n  was
2*H
o b ta in ed  which allow ed one to  determ ine th e  peak a re a  w ith  rea so n ab le  
r e p r o d u c ib i l i ty .  However, fo r  th e  s a tu ra te d  s o lu t io n  in  85fo m ethanol, 
th e  c o n c e n tra tio n  o f t e t r a - n - p r o p y l t in  was so low th a t  i t s  peak was swa­
mped by th e  methanol peak.
The f re e -e n e rg y  of t r a n s f e r  o f t e t r a - n - p r o p y l t in  from methanol 
to  m ethanol-w ater m ix tu res i s  g iven  by th e  eq u a tio n  s
A g °  9 (P r.S n ) = RT ln  m1. -  RT ln  m2 18 .7I •?<£. s s
'I
where mg = th e  s o lu b i l i t y  o f th e  su b stance  in  so lv en t 1,
•1
m^  = th e  s o l u b i l i t y  o f th e  su b stan ce  in  so lv en t 2.
The s o lu b i l i t y  o f t e t r a - n - p r o p y l t in  i s  d i r e c t l y  p ro p o rtio n ed  to  
th e  peak a re a , th u s  i t  i s  p o s s ib le  to  c a lc u la te  th e  v a lu es  of 
w ith o u t knowing th e  a c tu a l num erical va lu e  o f  m^ *
The r e s u l t s  fo r  th e  f r e e  energy  o f  t r a n s f e r  o f  t e t r a - n - p r o p y l t in  
from m ethanol to  9 m ethanol a re  g iven  in  T able 18.7*
TABLE 18.7
AG? 0 FOR THE TRANSFER OF Pr?Sn FROM 1-^ 2  —- -  4 -------
METHANOL TO METHANOL, AT 298°K
S olven t n R e la tiv e  Peak AG? (P r Sn)
* Me0H________________Z _______________________________________ o a l I / L l 9!
100 0.001 15,480 0
96 0 .086  3,696  848
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